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SUMMARY
T he  a i m s  o f  t h i s  t h e s i s  a r e  t w o - f o l d .  1) To c o n t r i b u t e  a  l i t t l e  
t o  ou r  know ledge and u n d e r s t a n d in g  o f  t a l i t r i d  b io lo g y  and e s p e c i a l l y  
t h e  l i t t l e - s t u d i e d ,  r e s p i r a t o r y  p h y s i o l o g y  o f  t h e s e  a n i m a l s .  I n  
p a r t i c u l a r ,  t h e  o x y g e n  t r a n s p o r t i n g  p r o p e r t i e s  o f  t h e  b lo o d  o f  tw o  
s e m i - t e r r e s t r i a l  s p e c i e s ,  h a v e  r e c e i v e d  s p e c i a l  a t t e n t i o n .  2) To 
a s s e s s  t h e  v a l i d i t y  o f  E cney 's  (Edney, 196Ü) s t a t e m e n t  t h a t  "amphipods 
have  e v o lv e d  o h to  l a n d  by m a in ly  b e h a v io u r a l  r a t h e r  th a n  s p e c i f i c a l l y  
m o rp h o lo g ic a l  o r  p h y s i o l o g i c a l  a d a p t a t i o n s " ,  by em ploy ing  a  s y n t h e s i s  
o f  b o t h  t h e  e x p e r i m e n t a l  w ork  r e p o r t e d  h e r e i n  an d  o t h e r  p e r t i n e n t  
(though o f t e n  o v e r lo o k e d )  d a t a  d raw n from  th e  l i t e r a t u r e .
The f i r s t  tw o c h a p t e r s  s e r v e  Doth a s  an  i n t r o d u c t i o n  t o  th e  g roup  
(and  t h e  p a r t i c u l a r  s p e c i e s  s t u d i e d )  a n d  a s  a  f r a m e  o f  r e f e r e n c e ,  
a l l o w i n g  p h y s i o l o g i c a l  d a t a  t o  be p l a c e d  w i t h i n  a m e a n i n g f u l  
e c o l o g i c a l  c o n t e x t .  B a s e d  b o t h  on  p e r s o n a l  o b s e r v a t i o n s  an d  r e c o r d s  
t o g e t h e r  w i t h  an  a s s e s s m e n t  o f  th e  l i t e r a t u r e ,  t h e  d i s t r i b u t i o n  and 
n a t u r a l  h i s t o r y  o f  t h e s e  a n im a ls  ( p a r t i c u l a r l y  Q r c h e s t i a  g a m m a re l lu s  
a n d  O. m e d i t e r r a n e a ) a r e  d e s c r i b e d .  The f o l l o w i n g  f o u r  c h a p t e r s  a r e  
co n c e rn e d  w i t h  o r i g i n a l  ^ y s i o l o g i c a l  i n v e s t i g a t i o n .
A c o m p a r i s o n  o f  a e r i a i  and a q u a t i c  o x y g e n  c o n s u m p t i o n  r a t e s  in  
f o u r  s p e c i e s  o f  t a i i t r i a ,  ta x e n  from  d i f f e r e n t  h a b i t a t s ,  r e v e a le d  t h a t  
a  c o r r e l a t i o n  e x i s t s  b e tw e en  th e  a b i l i t y  o f  t h e s e  a n im a ls  t o  m a in ta in  
a n  a e r i a l  r a t e  o f  o x y g e n  c o n s u m p t i o n  f o l l o w i n g  i m m e r s i o n  an d  t h e  
d e g r e e  o f  em an  c i p a t i o n  f ro m  t h e  a q u a t i c  e n v i r o n m e n t .  Q r c h e s t i a  
g a m m a re l lu s  and  0^  m e d i t e r r a n e a  w ere  a b l e  t o  m a i n t a i n  i n d e f i n i t e l y  an  
a e r i a l  r a t e  o f  oxygen c o n sum ption  when subm erged a t  lO^C. In  t h e  c a s e  
o f  Q r c h e s t i a  cav im ana  and A r c i t a l i t r u s  d o r r i e n i ,  t h e  m ost t e r r e s t r i a l
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o f  t h e  am phipods exam ined , t h e r e  was a  m arked s u p p r e s s io n  o f  oxygen 
c o n su m p t io n  r a t e  upon im m ers io n ,  w i t h  ^  d o r r i e n i  u n a b le  t o  s u r v i v e  
p r o l o n g e d  s u b m e r s i o n .  A c o m p a r a t i v e  s t u d y  o f  t h e  e f f e c t s  o f  
t e m p e r a t u r e  on th e  oxygen c o n s u m p t io n  r a t e s  f o r  e ach  s p e c i e s  showed 
v e r y  l i t t l e  i n t e r s p e c i f i c  d i f f e r e n c e  i n  r a t e  i n c r e m e n t s  i n  a i r  an d  
w a t e r  b e tw e e n  0 ^  g a m m a r e l l u s  a n d  0 ^  m e d i t e r r a n e a , e x c e p t  a t  h i g h  
t e m p e r a t u r e s  (25^C) a t  w hich  t h e  subm erged  r a t e  o f  oxygen co n su m p tio n  
o f  0 ^  g a m m a r e l l u s  w as  ] u s t  h a l f  t h a t  o f  t h e  a e r i a l  r a t e .  I n  Q. 
c a v im a n a  and ^  d o r r i e n i  an  i n c r e a s e  i n  e x p o su re  t e m p e r a tu r e  r e s u l t e d  
i n  an  i n c r e a s e  i n  t h e  a e r i a l ; a q u a t i c  oxygen c o n su m p tio n  r a t i o .  None o f  
t h e  s p e c i e s  e x a m in e d  w e re  a b l e  t o  s u s t a i n  a e r i a l  r e s p i r a t i o n  a t  
t e m p e r a t u r e s  i n  e x c e s s  o f  30^C and a q u a t i c  r e s p i r a t i o n  a t  t e m p e r a t u r e s  
i n  e x c e s s  o f  2 5 ^ C .  G i l l  e x c i s i o n  i n  0 ^  g a m m a r e l l u s  d i d  n o t  
s i g n i f i c a n t l y  a l t e r  th e  oxygen c o n su m p t io n  r a t e  o f  t h i s  a n im a l  e x c e p t  
a t  h ig n  (>2U^C) e x p o su re  t e m p e r a t u r e s .  These  r e s u l t s  were d i s c u s s e d  in  
r e l a t i o n  t o  t h e  i n v a s i o n  o f  la n d  in  t h i s  group .
The t o t a l  g i l l  a r e a  a n d  g i l l  d i s t r i b u t i o n  o f  s e v e n  t a l i t r i d  
s p e c i e s  t a k e n  f r o m  a  v a r i e t y  o f  n a b i t a t s  h a s  b e e n  s t u d i e d .  I n  t h e  
s a n d h o p p e r s ,  T a l i t r u s  a n d  T a l o r c h e s t i a , an d  i n  t h e  l a n d h o p p e r ,  
A r c i t a l i t r u s  d o r r i e n i , t h e  g r e a t e s t  g i l l  a r e a  i s  i n v e s t e d  i n  t h e  
p o s t e r i o r  g i l l s  (G 6) w h ereas  i n  t h e  b e a c h f l e a ,  Q r c h e s t i a  spp . G2 h a s  
t h e  g r e a t e s t  a r e a .  G i l l s  3, 4 and 5 a r e  c h a r a c t e r i s t i c a l l y  s m a l l  and G 
7 IS  c o n s i s t e n t l y  a b s e n t  i n  a l l  t h e  s p e c i e s  s t u d i e d .  G i l l  s t r u c t u r e  
and d e p lo y m e n t  p a t t e r n s  a r e ,  i n  g e n e r a l ,  q u i t e  c o n s e r v a t i v e  w i t h i n  t h e  
T a l i t r i d a e .  The g i l l s  o f  A. d o r r i e n i  a r e ,  h o w e v e r ,  c o m p le x  i n  s h a p e  
and a r e  more c o n v o lu te d  th a n  in  t h e  o t h e r  s p e c i e s  s tu d i e d .
G i l l  a r e a /  body  d r y  w e i g h t  r e l a t i o n s h i p s  w e re  e s t a b l i s h e d  f o r  
e a c h  s p e c i e s  an d  w e r e  c o m p a r e d  w i t h  p r e v i o u s l y  p u b l i s h e d  d a t a .  The 
T a l i t r i d a e  show  a  r e d u c t i o n  i n  t o t a l  g i l l  a r e a  c o m p a r e d  w i t h  m o s t  
a q u a t i c  a m p h ip o d s .  I t  w as o b s e r v e d ,  h o w e v e r ,  t h a t  t h e  s l o p e s  o f  t h e
xn
c a l c u l a t e d  r e g r e s s i o n  l i n e s  w ere  s i g n i f i c a n t l y  d i f f e r e n t  be tw een  th e  
s a n d  h o p p e r  an d  b e a c h f l e a  g e n e r a  s t u d i e d .  The r e d u c t i o n  i n  g i l l  a r e a  
w i t h i n  t h e  T a l i t r i d a e  i s  d i s c u s s e d  i n  r e l a t i o n  t o  t h e i r  c o l o n i z a t i o n  
o f  l a n d .
A c o m p a r a t iv e  s tu d y  o f  t h e  oxygen t r a n s p o r t i n g  p r o p e r t i e s  o f  th e  
b lo o d  o f  tw o s u p r a l i t t o r a l  t a l i t r i d s  was a t t e m p te d .  T h is  i s  t h e  f i r s t  
a c c o u n t  o f  t h e  oxygen t r a n s p o r t i n g  p r o p e r t i e s  o f  amphipod haemolymph. 
The c o n c e n t r a t i o n s  o f  t h e  m ajo r  io n s  i n  t h e  b lo o d  w ere  s i m i l a r  i n  th e  
tw o  s p e c i e s  a l t h o u g h  i n  0^ m e d i t e r r a n e a  t h e  c o n c e n t r a t i o n s  o f  t h e  Na"*" 
an d  C l “  i o n s  w e r e  l o w e r  t h a n  i n  0 .  g a m m a r e l l u s . The o x y g e n  c a r r y i n g  
c a p a c i t y  o f  t h e  h a e m o c y a n in  w a s  q u i t e  lo w  (0,7 m l . 100 m l” ^) and  d i d  
n o t  d i f f e r  s i g n i f i c a n t l y  b e tw e en  th e  two s p e c i e s .  The b lood  o f  b o th  0. 
g a m m a re l lu s  and 0^ m e d i t e r r a n e a  had a  m o d e r a te ly  h ig h  oxygen a f f i n i t y  
w h ic h  r e m a i n e d  a l m o s t  in o e p e n d i^ n t  o f  t e m p e r a t u r e  i n  t h e  r a n g e  l u  -  
18^C. The Bohr f a c t o r  (Aiog A pH) was a lm o s t  i d e n t i c a l  in  t h e  two 
s p e c i e s  (mean = -0 .84 ) .  The c o o p e r a t i v i t y  o f  t h e  haem ocyan in  was a l s o  
s i m i l a r  i n  b o t n  0 . g a m m a r e l l u s  an d  0 .  m e d i t e r r a n e a  (n^Q = 3) an d  w as  
l a r g e l y  in d e p e n d e n t  o f  gH w i t h i n  th e  ran g e  7.2 -  7.8.
I t  was found , how ever, t h a t  t h e  O. g a m m a re l lu s  c o l l e c t e d  from  th e  
u p p e r  l i m i t s  o f  t h e i r  d i s t r i b u t i o n  on  t h e  s h o r e  ( d e s i g n a t e d  AHW 
a n i m a l s )  h a d  a  b l o o d  i o n  c o n c e n t r a t i o n  t h a t  w as  v e r y  d i f f e r e n t  f ro m  
a n im a ls  t a x e n  from  th e  m id d le  o f  t h e i r  a i s t r l o u t i o n  ( d e s ig n a te d  BHW 
a n i m a l s ) .  The c o n c e n t r a t i o n s  o t  Na"*" , C l”  , and  Ca^^ i o n s  i n  
p a r t i c u l a r  w ere  v e ry  much lo w e r  i n  t h e  b lood  o f  a n im a ls  from  h ig h  on 
t h e  s h o r e  a n d  t h e  pH o f  t h e  b l o o d  w as  s i g n i f i c a n t l y  l o w e r  (7 .63  
c o m p a r e d  w i t h  7 .8 3 ) .  As a r e s u l t ,  t h e  i n  v i v o  o x y g e n  a f f i n i t y  o f  t n e  
b l o o d  o f  AHW a n i m a l s  w as  much l o w e r  t h a n  t h a t  o f  BHW a n i m a l s .  When 
m e a s u r e d  a t  c o n s t a n t  pH, t h e  o x y g e n  a f f i n i t y  o f  t h e  D lood  o f  AHW 
a n im a l s  was s t i l l  lo w e r  tn a n  t h a t  o f  BHW a n im a ls .  E x p e r im e n ts  i n  w hich
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b lo o d  from  t h e  tw o  g ro u p s  o f  a n im a ls  was d i a l y s e d  a g a i n s t  d i f f e r e n t
p h y s i o l o g i c a l  s a l i n e s ,  s h o w e d  t h a t  t h i s  c o u l d  be  a t t r i b u t e d  t o  t h e  
7+lo w e r  Ca io n  c o n c e n t r a t i o n  i n  t h e  b lo o d  o f  AHW a n im a ls .  The oxygen 
t r a n s p o r t i n g  p r o p e r t i e s  o f  t h e  b lo o d  a r e  d i s c u s s e d  i n  r e l a t i o n  to  t h e  
e c o lo g y  o f  t h e s e  s p e c i e s .
T he  r e s u l t s  o f  a  p r e l i m i n a r y  s t u d y  o f  t h e  e f f e c t s  o f  l o n g  t e r m  
hypo-  and h y p e r - s a l i n e  e x p o s u re  on 0^  g a m m a re l lu s , a t  t h e  l e v e l  o f  t h e  
t i s s u e s ,  a r e  g i v e n  t o  s u p p l e m e n t  t h e  a c c o u n t  o f  t h e  o x y g e n  
t r a n s p o r t i n g  p r o p e r t i e s  o f  t h e  b lood . I t  was found  t h a t  0^  g a m m a re l lu s  
w a s  a b l e  t o  . - : y r e g u l a t e  t h e  s o d iu m  i o n  c o n c e n t r a t i o n  o f  t h e
b lo o d  under h y p o -o s m o t ic  c o n d i t i o n s  and t h a t  t h e r e  w ere  accompanying 
c h an g es  i n  t h e  a n im a l s '  t o t a l  f r e e  am ino  a c i d  and t o t a l  b lo o d  p r o t e i n  
c o n c e n t r a t i o n s .  From b o th  l a b o r a t o r y  and f i e l d  d a t a ,  i t  was n o te d  t h a t  
a  d e c r e a s e  i n  t h e  b l o o d  i o n i c  c o n c e n t r a t i o n  (AHW a n i m a l s )  i s  v e r y  
o f t e n  accom pan ied  by an  i n c r e a s e  in  th e  o v e r a l l  p r o t e i n  c o n c e n t r a t i o n  
o f  t h e  b l o o d .  T he  r e s u l t s  a r e  d i s c u s s e d  i n  r e l a t i o n  t o  t h e  r o l e  o f  
haem ocyan in  a s  a  s o u r c e  o f  f r e e  am ino a c i d s  t o  m a i n t a i n  t h e  c o l l o i d a l  
o s m o t i c  p r e s s u r e  o f  t h e  b lo o d  when th e  a n im a l  i s  under  h y p o -o sm o tic  
s t r e s s .
The l a s t  c h a p t e r  i s  g i v e n  o v e r  t o  a  g e n e r a l  d i s c u s s i o n  o f  t h e  
r e s u l t s  ana  r e l e v a n t  l i t e r a t u r e ,  compourKied w i t h  a  c r i t i c a l  a s s e s s m e n t  
o f  Edney 's  s t a t e m e n t  a s  r e g a r d s  la n d  c o l o n i s a t i o n  by t h e  T a l i t r i d a e .  
T h i s  a s s e s s m e n t  i s  c a r r i e d  o u t  w i t h i n  t h e  s y s t e m a t i c - e c o l o g i c a l  
f ram ew ork  r e c e n t l y  p ro v id e d  by B o u s f i e ld  (1984).
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1 .1  INTRODUCTION
The t r a n s i t i o n  f ro m  t h e  m a r in e  t o  t h e  t e r r e s t r i a l  e n v i ro n m e n t  i s  
a  m a jo r  one. The change  i n  t h e  s u rro u n d in g  medium demands a  c o m p le te  
cnange  i n  t h e  p r im a ry  mode o f  p r o g r e s s i o n  and need f o r  m o d i f i c a t i o n s  
i n  t h e  b a s i c  p r o c e s s e s  o f  l i f e ;  r e p r o d u c t i o n ,  r e s p i r a t i o n  and  
e x c r e t i o n .  G r e a te r  e x t r e m e s  o f  t e m p e r a tu r e  f l u c t u a t i o n  o c c u r  on lan d ,  
and  w i t h  t h e  c o n s t a n t  t h r e a t  o f  d e s i c c a t i o n ,  t e r r e s t r i a l  a n im a ls  may 
be e x p e c te d  t o  d i s p l a y  v a r y in g  d e g re e s  o f  p h y s i o l o g i c a l  a d a p t a t i o n  and 
t o l e r a n c e  o f  a e r i a l  c o n d i t i o n s .
T h e r e  a r e  a  n u m b e r  o f  c o m p r e h e n s i v e  g e n e r a l  a c c o u n t s  o f  t h e  
t r a n s i t i o n  from  w a te r  t o  l a n d  and many more w hich  n i g h l i g h t  p a r t i c u l a r  
tax o n o m ic  g ro u p s  (See L i t t l e ,  1983 f o r  r e v ie w ) .  Only  t h r e e  g ro u p s  of  
c r u s t a c e a n s ,  t h e  I s o p o d a ,  t h e  D e c a p o d a  an d  t h e  A m p h ip o o a ,  h a v e  
a c h i e v e d  som e m e a s u r e  o f  s u c c e s s  on l a n d  (P o w e rs  a n d  B l i s s ,  i 9 8 3 ) .  
Much o f  th e  i n f o r m a t i o n  a c c u m u la te d  up u n t i l  1968, t o g e t h e r  w i t h  o th e r  
c o n t e m p o r a r y  w orK , w a s  p r e s e n t e d  a t  a  sy m p o s iu m  o f  t h e  A m e r ic a n  
S o c i e t y  o f  Z o o lo g i s t s  o r g a n i s e d  by b l i s s  and M an te l  (1968). Two r e c e n t  
r e v i e w s  (see  below) o f  t e r r e s t r i a l  a d a p t a t i o n s  i n  t h e  C r u s ta c e a  draw 
h e a v i l y  from  t h i s  work. T here  a r e  a  few p u b l i c a t i o n s  (see  C h a p te r  7) 
w h i c h  h a v e  b e e n  c o n c e r n e d  s p e c i f i c a l l y  w i t h  t h e  p r o b l e m  o f  l a n d  
c o l o n i s a t i o n  in  tn e  T a l i t r i d a e ,  th e  o n ly  f a m i ly  o f  am phipods w hich nas 
t r u l y  t e r r e s t r i a - L  r e p r e s e n t a t i v e s  ( h u r l e y ,1968).
I n  M i l n e - E d w a r a s '  (1840) t r e a t i s e ,  " H i s t o i r e  N a t u r e l l e  d e s  
C r u s t a c é s " ,  o n l y  t h i r t e e n  s e m i - t e r r e s t r i a l  t a l i t r i d  s p e c i e s  w e re  
d e s c r i b e d  b u t  t h e r e  was no r e f e r e n c e  t o  am phipods in  r e l a t i o n  t o  th e  
la n d  h a b i t a t ;  he m e r e ly  r e f e r r e d  t o  t a l i t r i o s  and o r c n e s t i d s  l i v i n g  by 
t h e  s e a .  The f i r s t  r e f e r e n c e  t o  f u l l y  t e r r e s t r i a l  a m p h ip o d s  was 
p u b l i s h e d  by Dana i n  1852 a l th o u g h  he had made th e  d i s c o v e r y  i 2  y e a r s  
p r e v i o u s l y .  He r e c o r d e d  t h e  p r e s e n c e  o f  Q r c h e s t i a  s y l v i c o i a  f ro m  zO 
m i l e s  i n l a n d ,  in  n c m id  s o i l  i n  New Z e a la n d  a n a  O r c n e s t i a  t a n i t e n s  i s
f r o m  b e n e a t h  d e a d  l e a v e s  a t  a n  a l t i t u d e  o t  5üUm i n  T a h i t i .  I n  h i s  
" C a ta lo g u e  o f  t h e  s p e c im e n s  o f  Amphipodous C r u s ta c e a  i n  t h e  c o l l e c t i o n  
o f  t h e  B r i t i s h  m useum ", B a t e ,  (1862) l i s t e d  a n o t h e r  26 s e m i ­
t e r r e s t r i a l  s p e c i e s  b u t  added o n ly  one m ore e u t e r r e s t r i a l  s p e c i e s  t o  
t h o s e  d i s c o v e r e d  by D ana, T h i s  s i t u a t i o n  w a s  a l t e r e d  when H e l l e r  
(1865), i n  a  n o t e  on f r e s h - w a t e r  am ph ipods ,  in c lu d e d  a  d e s c r i p t i o n  o f  
Q r c h e s t i a  c a v im a n a  w h ic h  he  fo u n d  i n  l a r g e  n u m b e r s  i n  hum id  
e n v i r o n m e n ts  a t  a  h e i g h t  o f  150Um on Mount Qlympus.
I n  1888, a  n u m b er  o f  a c c o u n t s  w e r e  p u b l i s n e d  c o n c e r n i n g  t n e  
e x i s t e n c e  a n d  a d a p t a t i o n s  o t  t a l i t r i d  a m p n i p o d s  i n  r e l a t i o n  t o  t h e  
l a n d  h a b i t a t .  T h e s e  i n c l u d e d  t h r e e  s e p a r a t e  a c c o u n t s  r e s u l t i n g  from 
v i s i t s  t o  t h e  A z o r e s  by t h e  F r e n c h m e n ;  B a r r o i s ,  De G e u rn e  and  
C h e v r e u x .  U n f o r t u n a t e l y  t h e s e  p a p e r s  h a v e  b e e n  o v e r lo o K e d  by 
s u b s e q u e n t  r e v i e w e r s  o f  t h e  s u b j e c t .  C h e v r e u x  (1888) n o t e d  t h a t ,  "a  
c e n t  m e t r e s  d e  l a  m e r ,  e t  à une a l t i t u d e  d e  15 m e t r e s ,  I ' O r c h e s t i a  
l i t t o r e a  a b o n d a i t  s o u s  l e s  p i e r r e s  h u m id e s  q u i  g a r n i s s a i e n t  l e s  
a b o r d e s  d 'u n e  p e t i t e  f o n t a i n e  d 'e a u  a o u c e . "  B o th  he  and  De G eu rne  
(1888) r e c o g n i s e d  t h e  e x i s t e n c e  o f  v a r i o u s  d e g r e e s  o f  t e r r e s t r i a l  
a d a p t a t i o n  i n  t h e  T a l i t r i d a e  an d  d i s c u s s e d  t h e  r o l e  o f  h u m i d i t y  i n  
d e l i n e a t i n g  t h e i r  h a b i t a t .  B a r r o i s  (1888) a d d e d  n o t h i n g  new t o  t h e  
o b s e r v a t i o n s  o f  h i s  coun trym en , c o n c e n t r a t i n g  p r i m a r i l y  on e m p n a s is in g  
t h e  e x i s t e n c e  o f  f u l l y  t e r r e s t r i a l  a m p n i p o d s ,  a  f a c t  t h a t  
u n f o r t u n a t e l y  h a s  had t o  be r e i t e r a t e d  on many s u b s e q u e n t  o c c a s io n s  
( s e e  H u r l e y ,  1968).  I n  t h e  sam e  y e a r  i n  S c o t l a n d ,  D a v id  R o b e r t s o n  o f  
M i l l p o r t ,  i n  h i s  s e r i e s  o f  s t u d i e s  on th e  Amphipoda ana Isopooa  o r  th e  
C lyde (R obertson , 1886, 1888), commented on th e  a d a p t a t i o n s  t o  l i v i n g  
above  th e  h ig h  w a te r  mark he nad o b se rv e d  i n  T a l i t r u s  s a l  t a  t o r  ana 
Q r c n e s t i a  g a m m a re l lu s .  D e s p i te  th e  c r u d i t y  o f  h i s  m ethods, he would 
a p p e a r  t o  n a v e  b e e n  o n e  o f  t h e  f i r s t  i n v e s t i g a t o r s  t o  a p p r o a c n  t n i s
s u b j e c t  e x p e r i m e n t a l l y .
T he  y e a r  lüWU saw  t h e  d e s c r i p t i o n  o f  T a l i t r u s  s y l v a t i c u s  f ro m  
A u s t r a l i a  by H a s w e l l  (1880), t h e  f i r s t  o f  many a c c o u n t s  c o n c e rn in g  th e  
l a r g e  f u l l y  t e r r e s t r i a l  I n d o - P a c i f i c  f a u n a  ( s e e  b e l o w ) . A t  t h i s  
p r e s e n t  t im e  more th a n  200 t a l i t r i d  s p e c i e s  have  been  d e s c r i b e d  w i th  
p o s s i b l y  m o re  t h a n  1000 f u l l y  t e r r e s t r i a l  s p e c i e s  ( i e .  e x c l u d i n g  
s u p r a l i t t o r a l  fo rm s) a w a i t i n g  d e s c r i p t i o n  ( B o u s f i e ld ,  1984).
T h e r e  a r e  som e  r e c e n t  p a p e r s  t h a t  a e a l  s p e c i f i c a l l y  w i t h  t h e  
t r a n s i t i o n  f ro m  w a t e r  t o  l a n d  i n  t h e  t a l i t r i d  a m p h ip o d s  ( H u r le y ,  
1 9 5 9 ,  1988 ; F r i e n d  a n a  R i c h a r d s o n ,  1 98b ;  s e e  a l s o  t h e  b r i e f  b u t  
i n t e r e s t i n g  n o te  i n  Eiarnard, 1972) and a l s o  two r e c e n t  r e v i e w s ,  each  
c o n t a i n i n g  a  s e c t i o n  on t h e  t e r r e s t r i a l  a d a p t a t i o n s  o f  t n i s  g r o u p  
( L i t t l e ,  1983 ;  P o w e r s  a n d  B l i s s ,  1 9 8 3 ) .  The p a p e r s  o f  H u r l e y  (1959, 
1968) and  o f  F r i e n d  an d  R i c h a r d s o n  (1986) d e a l t  p r i m a r i l y  w i t h  t h e  
f u l l y - t e r r e s t r i a l  " la n a h o p p e r"  s p e c i e s  o f  t h e  s o u t h e r n  h e m i s p n e r e  
w i t n  p a r t i c u l a r  r e f e r e n c e  t o  c h a n g e s  i n  t h e i r  m o rp n o lo g y  ana  
d i s t r i b u t i o n  and th e  r o u t e s  t h a t  t h e s e  a n im a ls  have t a k e n  o n to  land . 
T hey  a l s o  b r i e f l y  c o n s i d e r e d  som e p h y s i o l o g i c a l  d a t a  f ro m  b o th  
p u b l i s h e d  a n d  u n p u b l i s h e d  s t u d i e s  on s e m i -  an d  f u l l y  t e r r e s t r i a l  
am ph ipods ,  b u t  i n  e a ch  c a s e  t h e i r  a s s i m i l a t i o n  o f  such  e x p e r im e n ta l  
work i n t o  tn e  m ain  t h e s i s  o r  t h e i r  r e s p e c t i v e  p a p e r s  i s  l i m i t e d .  T h is  
may be due to  tn e  ^ ^ o c i t y  a n t  i r a p c r o p r  l a t e  n a t u r e  o f  t h e  e x p e r im e n ta l  
e v id e n c e  a v a i l a b l e  ana  may a l s o  r e f l e c t  t n e i r  own i n t e r e s t s .
The r e v i e w s  o f  L i t t l e  (1983) an d  P o w e r s  an d  B l i s s  (1 9 8 3 ) ,  
how ever ,  w ere  more c o s m o p o l i t a n ,  i f  n o t  c o m p re h en s iv e ,  i n  t h e i r  scope 
and in c lu d e d  d i s c u s s i o n  o f  th e  a d a p t a t i o n s  o f  b o th  s u p r a l i t t o r a l  and 
t e r r e s t r i a l  s p e c i e s .  T o g e t h e r  t h e y  i l l u s t r a t e  t h e  l a c k  o f  d e t a i l e d  
k n o w le d g e  o f  t a l i t r i d  b i o l o g y  an d  p h y s i o l o g y  i n  p a r t i c u l a r .  Edney 
(1 9 6 0 ) ,  i n  a n  a r t i c l e  i n  w h ic h  he  r e v i e w e d  t h e  p h y s i o l o g i c a l  
a d a p t a t i o n s  u n d e rp in r . in g  " t e r r e s t r  l a ^ œ s s "  in  tn e  C r u s ta c e a ,  s u g g e s te d
t h a t ,  " t h e  A m p h ip o d a  h a v e  a d a p t e d  t o  i a n a  m ore  by b e h a v i o u r a l  
m echan ism s th a n  s p e c i f i c  p n y s i o l o g i c a l  o r  m o rp h o lo g ic a l  means." T h is  
s t a t e m e n t  was r e i t e r a t e d  i n  one o r  H u r l e y 's  p a p e r s  (H urley , 1968) a s  
w e l l  a s  i n  b o t h  o f  t h e  r e v i e w s  m e n t i o n e d  a b o v e .  E d n e y 's  a r t i c l e ,  
how ever ,  was more c o n c e rn e d  w i th  t h e  t e r r e s t r i a l  i so p o d s  and o n ly  f i v e  
p a p e r s  d e a l i n g  w i t h  a s p e c t s  o f  amphipod b io lo g y  w ere  q u o ted .  I t  would 
a p p e a r  t h a t  much o f  t h e  r e a s o n in g  agp»lied t o  t a l i t r i d  p h y s io lo g y  a rd  
i t s  r e l a t i o n s h i p  t o  t h e  l a n d  h a b i t a t  ( w i t h  som e n o t a b l e  e x c e p t i o n s :  
f o r e x a m p l e s e e  W i l l i a m s o n ,  1951a) h a s  b e e n  e x t r a p o l a t e d  f ro m  o t h e r  
g ro u p s  (m ain ly  t h e  i so p o d s  ana  t o  a  l e s s e r  e x t e n t  th e  decapods) in  th e  
a b s e n c e  o f  s p e c i f i c  e x p e r i m e n t a l  d a t a .  W i t n i n  t h e  l a s t  few  y e a r s ,  
h ow ever ,  a  renew ed  i n t e r e s t  h a s  been  shown i n  o r i g i n a l  i n v e s t i g a t i o n  
o f  t h e  p h y s i o l o g y  o f  t h e s e  a m p h ip o d s  a s  i n  r e l a t i o n  t o  t h e i r  
t e r r e s t r i a l  h a b i t s  (Marsden, 1980, 1984, 1985; Lazo-Wasem, 1984; Moore 
a n d  T a y l o r ,  1 9 8 4 ;  M oore  an d  F r a n c i s ,  1 9 8 5 a ,b ,  1 9 8 6 a ) . T h e s e  s t u d i e s  
c o m p l e m e n t  and  a d d  t o  t h e  e a r l i e r  p n y s i o l o g i c a l  s t u d i e s  o f  s u c h  
p i o n e e r  w o r x e r s  a s  B a c x lu n d ,  P a l l y a u t i t  a n d  W i l l i a m s o n  ( s e e  l a t e r  
c h a p t e r s  f o r  f u l l  d e t a i l s ) .
1 .2  TALITRID SYSTEMATICS 
I t  r e m a in s  t r u e ,  how ever, t h a t  m o st  s t u d i e s  on t a l i t r i d  am phipods 
n a v e  b e e n  o f  a s y s t e m a t i c  n a t u r e ,  o c c a s i o n a l l y  i n c l u d i n g  n o t e s  a n a  
O b s e r v a t i o n s  on  t h e  b i o l o g y  o f  t h e s e  a n i m a l s .  The B r i t i s h  f a u n a  h a s  
b e e n  a d e q u a t e l y  d e s c r i b e d  (B a te  an d  W e s tw o o d ,  1863 ; S t a b b i n g ,  1891; 
R e i d ,  1947 ;  L i n c o l n ,  1979) a s  h a s  t h a t  o f  t h e  N o r th  A t l a n t i c  and  
M e d i t e r r a n e a n  r e g i o n s  (Grube, 1866; Boeck, 1872; Chevreux, 1893, 1895; 
S a r s ,  189Ü ; S t e b b i n g ,  1 9 0 6 a ;  S c n e l l e n b e r g ,  1942 ; D a h l ,  1943 ,1 9 4 6 ,  
1964 ; Chevreux ana  Page, 1925; V e c c h i ,  1929; Dons, 1935; Den H a r to g ,  
1963 ;  A m anieu  and  S a l v a t ,  1 9 6 3 a ,b ,  1 965 ;  K a r l b r i n k ,  1969 ;  K a ra m a n ,
1 7 u ; i n g o l r s s o n ,  1 :^/4 , i9 7 7  ; o e e m s t e r  a n a  D e z w a r t ,  i 9  77; C a l v a r i o
a n d  M a rq u e s ,  1 9 8 3 ;  M a r f i n ,  1 9 8 3 ) .  T h e r e  a r e ,  h o w e v e r ,  new s p e c i e s  
s t i l l  b e ing  d e s c r i b e d  from  t h e s e  a r e a s  (Amanieu and S a l v a t ,  19b3a,b). 
W ith  t h e  e x c e p t io n  o f  s p e c i e s  in t r o d u c e d  i n t o  o rn a m e n ta l  g a rd e n s  and 
g r e e n h o u s e s  ( C h e v r e u x ,  1 896 ;  B o n n i e r ,  1 8 9 8 ;  M e n z e l ,  1 9 1 1 ;  C a im a n ,  
1 9 1 2 ;  H u n t ,  1 9 2 5 ;  H e i m l i c h ,  1 930 ;  T a t t e r s a l l ,  1 931 ;  M e d c o f , 1939 ; 
P a lm e n ,  1 949 ;  V a d e r ,  1972 ;  B ie r b a u m ,  1 9 8 0 ;  R i c h a r d s o n ,  1 9 8 0 ;  L a z o -  
W asem , 1 983 ;  M oore  a n d  S p i c e r ,  1 9 8 6 ) ,  t h e  t a l i t r i d  f a u n a  o f  t h e  
N o r th e r n  h e m is p h e re  i s  composed o f  s e m i - t e r r e s t r i a l  " b e a c h f le a s "  and 
" s a n d h o p p e r s " .  T h i s  i s  n o t  t o t a l l y  t r u e ,  h o w e v e r ,  o f  t h e  A z o r e s  o r  
t h e  C a n a ry  i s l a n d s  (De G e u r n e ,  1 889 ;  D a h l ,  1 9 5 0 ,  1967 ;  A n a e r s s o n ,  
1963; A lfo n so ,  1977; C e ja s  e t  a l . ,  1983). The fau n a  o f  th e  c o a s t s  o f  
t h e  U.S.S.R. and h e r  s a t e l l i t e s  have been  d e s c r i b e d ,  p r i m a r i l y  in  th e  
work by B u lycheva  (1957) (see  a l s o  D rz y c im sk i  and N aw odzinska , 1965).
The s y s t e m a t i c s  o f  t h e  N o r th -W e s t  A t l a n t i c  and th e  I n d o - P a c i f i c  
r e g i o n  to o  have  been  th e  s u b j e c t  o f  e x t e n s i v e ,  i f  e r r a t i c ,  e x a m in a t io n  
(H o lm e s ,  1 904 ;  S t e b b i n g ,  1 9 0 3 ,  1 9 08b ;  U eno , 1 9 2 9 ,  1 935 ;  S h o e m a k e r ,  
1 9 3 0 ,  1 9 3 2 ,  1 9 4 2 ;  S t e p h e n s o n ,  1 9 3 5 a , b ,  1 9 3 9 ;  I w a s a ,  1 9 3 9 ;
T h o r s t e i n s o n ,  1 9 4 2 ;  B o w e rs ,  1 9 6 3 ,  1 9 7 5 ;  B o u s f i e l d ,  1 9 6 4 ,  1 9 7 1 ,  1976 ; 
M o r i n o ,  1 9 7 2 ) .  I n  p a r t i c u l a r  t h e  w e s t e r n  an d  e a s t e r n  c o a s t s  o f  t h e  
U n i t e d  S t a t e s  h a v e  l a t t e r l y  r e c e i v e d  m uch a t t e n t i o n  f ro m  Dr. E.L. 
B o u s f i e l d  and h i s  c o -w o rk e r s  ( B o u s f ie ld ,  1957, 1958, 1961, 1973, 1975, 
1982, 1 9 8 4 ; B o u s f i e l d  and C a r l t o n ,  1967; E kx isf ie id  ana Klawe, 1963; 
b o u s f i e l d  a n d  H e a r d ,  1 9 8 6 ) .  Some d e s c r i p t i o n s  o f  t h e  S o u t h  A m e r ic a n  
f a u n a  h a v e  a l s o  b e e n  p u b l i s h e d  ( S c h e l l e n b e r g ,  1 9 3 8 a ;  R u f f o ,  1950 ;  
C a s t r o ,  1972, 1979; S o a r e s ,  1979; V a r e la ,  1983).
S u p r a l i t t o r a l  t a l i t r i o s  a r e  q u i t e  d i s t i n c t  from  th e  e u t e r r e s t r i a l  
" l a n d h o p p e r s "  w h i c h ,  i n  t n e  m a in ,  i n h a b i t  t h e  f o r e s t  f l o o r s  o f  t h e  
I n o o - P a c i f i c  r e g i o n ,  and  a r e  r e s t r i c t e d  t o  t h e  s o u t h e r n  h e m i s p h e r e  
( H u r l e y ,  1 9 5 9 ,  1 9 b 8 ) .  I n  t n e  l a s t  h u n d r e d  y e a r s  much e f f o r t  r«às gone
i n t o  d e s c r i b i n g  f u l l y  t e r r e s t r i a l  s p e c i e s  found in  A u s t r a l i a  and New 
Z e a l a n d  ( H a s w e l l ,  1 8 8 0 ,  1882 , 18 8 5 ;  T h o m so n ,  1 8 7 9 ,  1 8 8 0 ,  1 8 9 3 ,  1899; 
W a l k e r ,  19 0 8 ;  C h i l t o n ,  19 0 9 ,  1 9 1 6 a , b ,  1 9 1 7 ,  1 9 1 9 ,  1 9 2 5 ;  H u r l e y ,  
1955, 1956, 1957; M a c In ty re ,  1963; Duncan, 1968; Fearn-W annan, 1968; 
F r i e n a ,  1 9 7 9 ,  1 9 8 0 ,  1982 ; M a rs d e n  a n d  F e n w i c k ,  1 9 8 4 ) ,  i n  A f r i c a  
(C h e v re u x ,  1 9 0 2 a ,  1 908 ;  M e th u e n ,  1 9 1 3 ;  B a r n a r d ,  1 9 1 5 ,  1 9 4 0 ,  1958 ; 
S t e b b i n g ,  1 9 1 7 ,  1 9 2 2 ;  S c h e l l e n b e r g ,  1 9 3 8 b ;  R u f f o ,  1 9 5 8 ) ,  i n  I n a i a  
( T a t t e r s a l l ,  1 9 1 4 ;  C a r l ,  1934 ; B u r t ,  1 9 3 4 ;  B a r n a r d ,  1 9 3 5 ,  1936 ; De 
S y l v a ,  1 9 5 9 ) ,  i n  M a l a y s i a  ( S t e b b i n g ,  1 8 8 b ;  B a k e r ,  1 9 1 5 ;  T a t t e r s a l l ,  
1 9 2 9 ;  B a r n a r d ,  1 9 3 6 ,  19b0) and  t h e  P a c i f i c  I s l a n d s  ( S t e b b i n g ,  1900; 
B o u s f i e l d  ana  H ow arth ,  1977; Bowman, 1977).
I t  h a s  lo n g  been  r e c o g n i s e d ,  h ow ever ,  t h a t  t h e  g e n e r i c  c r i t e r i a  
a p p l i e d  t o  t h e s e  a n i m a l s  was i n a d e q u a t e  ( s e e  H u r l e y ,  1 9 5 6 ,1 9 7 5  f o r  
e x a m p le ) .  S e p a r a t i o n  o f  th e  s p e c i e s  i n t o  t h e i r  r e s p e c t i v e  g e n e ra  eg. 
T a l i t r u s , Q r c h e s t i a , r e l i e d  s o l e l y  u p o n  t h e  f o rm  o f  t h e  g n a th o p o d s  
( N i c o l e t  i n  S t e b b i n g ,  19^%- ) ,  d i v i d i n g  t h e  s p e c i e s  i n t o  s e x u a l l y  
d im o r p h ic  and s e x u a l l y  s i m i l a r  g e n e ra .  The i n t e r n a l  d i v i s i o n s  o f  th e  
f o rm e r  c a te g o r y  have  a l s o  been t h e  s u b j e c t  o f  much d e b a te  a s  th e y  do 
n o t  c l e a r l y  d i f f e r e n t i a t e  e u t e r r e s t r i a l  s p e c i e s  and m o rp h o lo g ic a l ly  
s i m i l a r  fo rm s  f rom  th e  s u p r a l i t t o r a l  zone . P r e v io u s l y ,  th o s e  s p e c i e s  
h a d  b e e n  lu m p e d  i n d i s c r i m i n a t e l y  t o g e t h e r  w i t h  s u c h  g e n e r a  a s  
Q r c h e s t i a  and  T a l i t r u s . S t e b b i n g  (1 9 0 6 )  a r b i t r a r i l y  d e f i n e d  
" Q r c h e s t i a "  a n a  " P a r o r c h e s t i a *  t o  d i f f e r e n t i a t e  s e r a i -  a n a  f u l l y  
t e r r e s t r i a l  f o r m s .  B o n n ie r  (1898) t o o  s e t  up  a  g e n u s ,  T a l i t r o i d e s  i n  
a n  a t t e m p t  t o  encom pass  s p e c i e s  t h a t  w ere  c h a r a c t e r i s e d  by t h e  absence  
o f  d i s t i n c t  s e x u a l  d i m o r p h i s m .  B o th  o f  t h e s e  s c h e m e s  h a v e  p r o v e d  
u n s a t i s f a c t o r y .  Some r e c e n t  s t u d i e s  ( F r i e n a ,  1^79 , 1%82; B o u s f i e l d ,  
1982, 1984), how ever ,  have a t t e m p t e d  t o  c l a s s i f y  t h e s e  s p e c i e s  u s in g  
m o re  p r e c i s e l y  d e f i n e d  c h a r a c t e r s  o f  t h e  m o u th p a r ts ,  p e ra e o p o d s  and 
o t h e r  appendages  a s  w e l l  a s  t n e  g n a th o p o d s .  T n is  nas  r e s u l t e d  m  tn e
r e c o g n i t i o n  o f  f o u r  t a l i t r i d  eco m o rp h o ty p es  (B o u s f ie ld ,  1984) w hich  
e n c o m p a s s  n o t  o n l y  t h e  e u t e r r e s t r i a l  " l a n d h o p p e r s "  b u t  a l s o  t h e  
r e m a in in g  l i t t o r a l  and  s u p r a l i t t o r a l  g e n e ra .
Group I  i s  composed o f  p a l u s t r a l  t a l i t r i d s ;  t h e s e  s e m i - a q u a t i c  
am ph ipods  a r e  e s t u a r i n e  o r  f r e s h w a t e r  a n im a ls  b e in g  found i n  t r o p i c a l  
and  a n t ip o d e a n  c o n t i n e n t a l  a r e a s .  F iv e  new g e n e ra  have th u s  r e p l a c e d  
S t e b b i n g ' s  (1900) P a r o r c h e s t i a .
G ro u p  I I  i s  c o m p o s e d  o f  m ore  a d v a n c e d  f o r m s  t h a n  t h e  p a l u s t r a l  
am ph ipods  o f  g ro u p  I ,  and c o n ta i n s  b o th  s e m i -  and f u l l y  t e r r e s t r i a l  
m em bers. They a r e  c a l l e d  b e a c h f l e a s ,  a l t h o u g h  a s  n o te d  above, th e y  a r e  
n o t  r e s t r i c t e d  t o  t h e  s u p r a l i t t o r a l  zone. T h i s  n o n - s u b s t r a t e  m od ify ing  
g r o u p  ( M a c I n t y r e ,  1963) c o n t a i n s  t h e  common s n o r e n o p p e r  o t  B r i t i s h  
s h o r e s ,  Q r c h e s t i a  g a m m a r e l l u s  a s  w e l l  a s  a  nu m b er  o f  new g e n e r a .  
A n im a ls  b e lo n g in g  t o  t h i s  group  a r e  found  on b o th  t r o p i c a l  and b o r e a l  
c o a s t l i n e s .
G ro u p  I I I ,  t n e  s a n d h o p p e r s ,  i s  c o m p o s e d  o f  s e m i - t e r r e s t r i a l ,  
f o s s o r i a l  a m p h ip o d s  s u c h  a s  T a l i t r u s  s a l t a t o r . They  a r e  f o u n d  
p r e d o m i n a n t l y  o n  s a n d y  b e a c h e s  o f  t e m p e r a t e  and  t r o p i c a l  m a r i n e  
s h o r e s  a round  t h e  h ig h  w a te r  marx.
F i n a l l y ,  Group IV c o n ta in s  t h e  la n d h o p p e r s .  They a r e  s p e c i a l i s e d  
e u t e r r e s t r i a l  a n im a ls  found n o t  on th e  s h o re  b u t  m a in ly  in  c o n t i n e n t a l  
and  i s l a n d  r a i n f o r e s t s  o f  tn e  t r o p i c a l  I n o o - P a c i f i c  re g io n .  T n is  ^roup  
i s  f u r t h e r  s u b - d i v i d e a  a s  o u t l i n e d  i n  C h a p te r  7. Qnly one lan a h o p p e r  
s p e c i e s  o c c u r s  f r e e - l i v i n g  i n  t h e  B r i t i s h  I s l e s ,  A r c i t a l i t r u s  
d o r r i e n i , w hich  was a c c i d e n t a l l y  i n t r o d u c e d  i n t o  t h i s  c o u n t r y  a b o u t  
lUO y e a r s  ago from  A u s t r a l i a  (Moore and S p i c e r ,  1986).
1.3 AIM OF THESIS 
In  th e  l i g h t  o f  t h e  s y s t e m a t i c  schem e c o n s t r u c t e d  by B o u s f i e l a  
(1984), t h e r e  h a s  b een  a  renew ed im p e tu s  f o r  c o m p a ra t iv e  p h y s i o l o g i c a l  
s t u d i e s  o f  t h e  d i f f e r e n t  e c o - m o r p h o l o g i c a l  g r o u p i n g s .  R e c e n t  y e a r s  
h a v e  a l s o  w i t n e s s e d  a  t r e n d  t o w a r d s  t h e  e x p e r i m e n t a l  s t u d y  o f  
a d a p t a t i o n s  sh o w n  by t e r r e s t r i a l  a n i m a l s  ( s e e  E d n e y ,  1 9 6 0 ,  1977) 
r a t t i e r  th a n  t o  t h e o r i s e  a b o u t  t h e  r o u t e s  and c a u se s  o f  t h e i r  movement 
f ro m  w a te r  t o  l a n d .  W h ile  t h e  s tu d y  o f  c o m p a ra t iv e  t a l i t r i d  p h y s io lo g y  
r e v e a l s  p r e s e n t  e c o l o g i c a l  a d a p t a t i o n ,  t h i s  n e e d s  t o  be s e t  i n  t h e  
c o n t e x t  o f  p a s t  e v o l u t i o n a r y  h i s t o r y  o f  t h e  g r o u p  t o  p r o d u c e  a  m ore 
c o m p re h en s iv e  and r e a l i s t i c  o r g a n i s m ic  b io lo g y .
T o w a rd s  t h i s  e n d ,  t h i s  t h e s i s  e x a m i n e s  som e a s p e c t s  o f  t h e  
r e s p i r a t o r y  a d a p t a t i o n s  o f  tw o  B r i t i s h  t a l i t r i d  s p e c i e s ,  Q r c h e s t i a  
g a m m a r e l l u s  ( P a l l a s )  a n d  0 ^  m e d i t e r r a n e a  ( C o s ta ) .  The r e s u l t s  a r e  
p l a c e d  w i t n i n  t h e  c o n t e x t  o f  t h e  n a t u r a l  h i s t o r y  o f  t h e s e  s p e c i e s .  
D u r in g  t h e  c o u r s e  o f  t h e  s t u d y ,  som e o t n e r  t a l i t r i d  s p e c i e s  becam e 
a v a i l a b l e ,  f a c i l i t a t i n g  i n t e r e s t i n g  i n t e r s p e c i f i c  c o m p a r is o n s  w i t h i n  
t h e  T a l i t r i d a e .  F i n a l l y ,  p r e s e n t  r e s u l t s  and d a t a  from  th e  l i t e r a t u r e  
a r e  a s s e s s e d  w i t h i n  t h e  e c o - m o r p h o l o g i c a l  e v o l u t i o n a r y  f r a m e w o rk  





T h e r e  i s ,  a t  p r e s e n t ,  no  c o m p r e h e n s i v e  a c c o u n t  o f  t h e  n a t u r a l  
h i s t o r y  o f  a n y  s i n g l e  s p e c i e s  o r  g r o u p  o f  t a l i t r i d  a m p h ip o d s .  T h e re  
a r e  a  few  e a r l y  m o n o g r a p h s  on i n d i v i d u a l  b e a c h f l e a s  (eg .  S m a l lw o o d ,  
1903, 1905) b u t  t h e  m odern d e p r e c i a t i o n  o f  b ro ad  n a t u r a l  h i s t o r y  has  
l e f t  p e rh a p s  some o f  t h e  m ost abu n d an t  and c o n s p ic u o u s  a n im a ls  o f  th e  
s e a s h o r e ,  a l m o s t  unknow n t o  s c i e n t i s t  an d  l a y m a n  a l i k e .  T h i s  may 
a c c o u n t  f o r  a p p a r e n t  m i s i d e n t i f i c a t i o n s  e v e n  i n  r e c e n t  s c i e n t i f i c  
l i t e r a t u r e  (eg .  E l l i o t  £ t  _al.,  19 8 3 ;  s e e  B a g e n a l ,  1957 on G au ld  £ t  
a l . , 1953. Both i d e n t i f y  a s  T a l i t r u s  s a l t a t o r , a n im a l s  w hich  a r e  more 
l i k e l y  t o  be g a m m a r e l l u s ) . Much o f  t h i s  t h e s i s  d e a l s  w i t h  t h e  
p h y s i o l o g y  o f  t h e s e  a h i m a l s ,  s o  i t  i s  a p p r o p r i a t e  a t  t h e  o u t s e t  t o  
c o l l a t e  w hat i s  a l r e a d y  knowh o f  t h e i r  b io lo g y .  T h i s  r e v ie w  has  beeh 
s u p p le m e n te d  by o r i g i n a l  o b s e r v a t i o n s  and  d i s t r i b u t i o n  r e c o r d s  made 
o v e r  th e  p e r i o d  A u g u s t ,  1982 to  J a n u a r y ,  1986.
The c h a p te r  i s  d i v id e d  i n t o  f i v e  s e c t i o n s .  The f i r s t  c o m p r ise s  
a n  a c c o u n t  o f  t n e  n a t u r a l  h i s t o r y  o f  Q r c h e s t i a  g a m m a r e l l u s  ( P a l l a s )  
( S e m i - t e r r e s t r i a l  G ro u p  I I ,  B o u s f i e l d ,  1984) a n d  m e d i t e r r a n e a  
(C o s ta )  ( E u l i t t o r a l  o r  s e m i - t e r r e s t r i a l ,  G ro u p  I I , B o u s f i e l a ,  1 9 8 4 ) ,  
s i n c e  much o f  t h e  e x p e r i m e n t a l  work r e p o r t e d  l a t e r  was c oncerned  w i th  
t h e s e  tw o  s p e c i e s .  I t  s h o u l d  be n o t e d ,  h o w e v e r ,  t h a t  much o f  t h i s  
r i r s t  s e c t i o n  i s  a l s o  r e l e v a n t  t o  t h e  a d d i t i o n a l  s p e c i e s  u n d e r  
c o n s i d e r a t i o n  i n  tn e  toj.±owing s n o r t e r  s e c t i o n s .
The n e x t  f o u r  s e c t i o n s  i n c lu d e  d i s t r i b u t i o n  d a t a  f o r  a l l  o f  th e  
s p e c i e s  s t u d i e d  i n  C h a p t e r s  3 - 7 ,  N a t u r a l  h i s t o r y  o b s e r v a t i o n s  a r e  
a l s o  in c lu d e d  f o r  e a ch  o f  tn e  re m a in in g  s p e c i e s  under c o n s id e r  a t  icai, 
V I Z .  O r c n e s t i a  c a v i m ana ( H e l l e r )  ( F r e s h w a t e r ;  s e m i -  t o  f u l l y  
t e r r e s t r i a l :  Group I I ,  B o u s f ie ld ,  1984), T a l i t r u s  s a l t a t o r  (Montagu), 
T a l o r c h e s t i a  o e s h a y e s i i  (A udouin) a n a  T a l o r c h e s t i a  sp .A  ( a l l  s e m i -  
t e r r e s t r i a i ;  G ro u p  I I I ,  o o u s f i e l a ,  1984) and  A r c i t a l i t r u s  a o r r i e n i
(Hunt, 1925) (Euterrestriai: Group IV, Bousfield, 1984).
2.2 ORCHESTIA GAMMARELLUS AND Q.MEDITERRANEA
2.2.1 G e n e ra l  m orpho logy
B o th  O r c h e s t i a  g a m m a r e l l u s  ( P a l l a s )  and 0^ m e d i t e r r a n e a  (Costa) 
l i v e  i n  c l o s e  p r o x i m i t y  t o  t h e  s e a  an d  a r e  q u i t e  d i s t i n c t  f ro m  t h e  
" l a n d h o p p e r s "  w h i c h  i n h a b i t  t h e  f o r e s t  f l o o r  o f  t h e  I n a o - P a c i f i c  
r e g i o n  ( H u r le y ,  1 9 5 9 ,  1 9 6 8 ) .  The m o r p h o l o g i c a l  d i f f e r e n c e s  b e tw e e n  
t h e s e  tw o  s p e c i e s  a n d  t h e  s y s t e m a t i c  s e p a r a t i o n  o f  a l l  t h e  B r i t i s h  
T a l i t r i d a e  (Anon, 1979) c a n  be  f o u n d  i n  L i n c o l n  (1 9 7 9 ) .  B r i e f l y ,  t n e  
m ain  d i a g n o s t i c  f e a t u r e s  a r e  a s  f o l l o w s .  In  th e  m a le ,  t h e  s p e c i e s  can 
be  e a s i l y  d i s t i n g u i s h e d  o n e  f ro m  a n o t h e r  by t h e  d i f f e r i n g  s h a p e s  o f  
t h e  second gna tn o p o d a .  The pa lm  o f  th e  propod us o f  g a m m a re l lu s  i s  
m ore  t h a n  h a l f  t h e  l e n g t h  o f  t h e  p o s t e r i o r  m a r g i n  a n d  i s  r e g u l a r l y  
c o n v e x  (F ig .  2 . 1 a ) .  I n  0 .  m e d i t e r r a n e a  t h e  p a lm  i s  l e s s  t h a n  h a l f  t h e  
l e n g t h  o f  th e  p o s t e r i o r  m a rg in ,  b e in g  s in u o u s  w i th  a  m ed ian  hump (Fig 
2 .1b )  (R e id ,  1 9 4 7 ;  L i n c o l n ,  1 9 7 9 ) .  The f e m a l e s  o f  b o t h  s p e c i e s  c a n  oe 
d i f f e r e n t i a t e d  by t h e  p leo p o d  ram u s :p e d u n c le  r a t i o .  I n  0 ^  g a m m a re l lu s  
t h e  r a m i  a r e  e q u a l  t o  t h e  l e n g t h  o f  t h e  p e d u n c l e  w h e r e a s  i n  Q. 
m e d i te r r a n e a  th e y  a r e  o n ly  a b o u t  h a l f  tn e  l e n g th  (W il l ia m s o n ,  19490). 
Tfie maximum Dody l e n g t h  i n  Dotn s p e c i e s  i s  a p p ro x im a te ly  2ûmm ( B a r r e t t  
ana  Yonge, 195d; W i ld i s h ,  1972). F em ales  o f  bo th  s p e c i e s  a r e  normaux.; 
s l i g h t l y  s m a l l e r  t h a n  m a le s  (E a le s ,  1961). The c o lo u r  o f  t h e s e  a n im a ls  
i s  p r e d o m i n a n t l y  o ro w n  b u t  t h e r e  i s  a  g r e a t  d e a l  o f  v a r i a t i o n  e v e n  
be tw een  a n im a ls  found  b e n e a th  th e  same s to n e  (Reid, 1947). I n  l i f e ,  
th e  in te g u m e n t  o f  0 ^  g a m m a re l lu s  b e a r s  many s m a l l  b row n m ark in g s  on 
t n e  d o r s a l  s u r f a c e ,  f u t  th e y  d i s a p p e a r  on p r e s e r v a t i o n  i n  e i t h e r  7u« 
a lc o h o l  or lu% fo rm a ld e h y d e  ( fo rm a l in )  s o lu t i o n ;  a n im a l s  t u r n  a  ve ry
a
FIG . 2 .1  T he  s e c o n d  g n a t h o p o d  o f  m a le  O r c h e s t i a  g a m m a r e l l u s  (A) 
and  O r c h e s t i a  m e d i t e r r a n e a  (B).
B
b r i g h t  c a r r o t - r e d  c o l o u r  when p l a c e d  i n  t h e  l a t t e r ,  w h i l e  i n  t h e  
fo rm e r  i t  i s  n o t  uncommon f o r  t h e  e x o s k e l e to n  t o  t u r n  a  u n i fo rm  w h i te .  
L a r g e  m a l e s  o f  0 ^  m e d i t e r r a n e a  f ro m  t h e  W e s t  c o a s t  o f  S c o t l a n d  a r e  
v e r y  o f t e n  c h a r a c t e r i s e d  by th e  d a c t y l u s  o f  t h e  second  gna thopod  be ing  
a  b r i g h t  r e o  c o lo u r  (see  a l s o  B a te ,  1862 and R e id ,  1947).
2 .2 .2 . H a b i t a t  and  d i s t r i b u t i o n
O r c h e s t i a  sp p .  a r e  commonly known a s  " sh o rc h o p p e rs " ,  a s  d i s t i n c t  
f r o m  t n e  " s a n a h o p p e r s "  s u c h  a s  T a l i t r u s  s a l t a t o r  a n d  T a l o r c h e s t i a  
d e s h a y e s i i ; t h e  d i f f e r e n t  names r e f l e c t  a  d i f f e r e n c e  i n  t h e i r  h a b i t a t s  
( B a te  an d  W e s tw o o d ,  1863 ; R o b e r t s o n ,  1 8 8 6 ) .  I n  p l a c e s  w h e re  t h e  
v a r i o u s  h a b i t a t  t y p e s  i n t e r g r a d e ,  " s a n a h o p p e r "  a n d  " s h o r e h o p p e r "  
s p e c i e s  c a n  be  f o u n d  i n  c l o s e  p r o x i m i t y  (F ig .  2 .2 ) .  O r c h e s t i a  
g a m m a re l lu s  h a s  a  v e r y  w ide h a b i t a t  r a n g e  from  i n t e r t i d a l  m ar in e  and 
e s t u a r i n e  a r e a s  (F ig . 2.3) t o  damp s e m i - t e r r e s t r i a l  h a b i t a t s  w e l l  away 
f r o m  w a t e r  ( D a h l ,  1 946 ;  S c o t t ,  1 9 5 6 ;  Den H a r t o g ,  1 9 6 3 ;  I n g o l f s s o n ,  
1 9 7 7 ;  N e l s o n ,  19 8 u ;  M o o re ,  1984 ; s e e  a l s o  F i g .  2 .4 ) .  I n  f a c t  t h i s  
s p e c i e s  h a s  been  found  12üm above s e a  l e v e l  on th e  I s l a n d  o f  S t .  K i lo a  
( B a g e n a l ,  1957) a n d  g u s t  o v e r  Sum a b o v e  s e a  l e v e l  on t h e  I s l a n d  o f  
S k y e  ( j . I . S .  p e r s . o b s . ) . Tne s p e c i e s  i s  m o s t  f r e q u e n t l y  f o u n d ,  
h o w e v e r ,  b e n e a th  d e c a y in g  wrack and d e b r i s  a round  th e  h ig h  w a te r  mark 
on p r e d o m in a n t ly  ro ck y  o r  s h in g l e  s h o r e s  (Fig. 2.S) (R ooertson , i8o8; 
S a r s ,  i o 9 0 ;  B o u s f i e i a ,  1958; K a r l b r i n x ,  1369; Re:Icj^r.s, ^974; a n c  
p l a y s  a n  i m p o r t a n t  r o l e  i n  t n e  b i o d é g r a d a t i o n  o f  s t r a n d e d  a i g a i  
m a t e r i a l  (Backlund, 1945).
I n  l a b o r a t o r y  s t u d i e s  (P e rk in s ,  1974), i t  was found t h a t  a l th o u g n  
O r c h e s t i a  ^ p r o o a b l y  g a m m a r e l l u s  b u t  P e r k i n s  i s  n o t  s p e c i f i c ;  
i n g e s t e d  l i t t e r  a t  t h e  s u r f a c e  o f  t h e  s h i n g l e ,  i t  n a b i t u a l l y  x iv e a  a t  
a  l e v e l  w i t h i n  t h e  s h i n g l e  g u s t  a b o v e  t h a t  o f  t h e  w a t e r  t a b l e .  
B acklund U 945) , n o te d  however, t h a t  i n  l a r g e  wrack b e e s  c a s t  up oy
FIG. 2.2 B a l l o c h m a r t i n  Bay, G r e a t  Cumbrae I s l a n d  (5.6.85)
F o u r  s p e c i e s  o f  t a l i t r i d  c a n  be f o u n d  i n  t h i s  b a y ,  t h e i r  
d i f f e r e n t  s p a t i a l  d i s t r i b u t i o n s  i l l u s t r a t i n g  t h e  d i f f e r e n c e  
b e tw e e n  " san d h o p p e rs"  and " b e a c h f l e a s " .  B e n e a t h  t h e / f e a t u r e d  i n  
t h e  f o r e g r o u n d  a n d  o n  t h e  r o c k y  p r o m o n o t o r y  i n  t h e  t o p / h a n d  
c o r n e r  (A), 0 .  g a m m a r e l l u s  and  0 . m e d i t e r r a n e a  a r e  v e r y  com m on, 
t h e  fo rm e r  e x te n d in g  i t s  ran g e  up o n to  t h e  g r a s s  v e rg e  above  th e  
b e a c h  p r o p e r .  O r c h e s t i a  m e d i t e r r a n e a  i s  found  a t  t h e  l e v e l  o f  t h e  
l o w e s t  w rack  s t r i n g  (B). The " sa n d h o p p e rs" ,  a s  t h e  name s u g g e s t s ,  
a r e  r e s t r i c t e d  t o  t h e  s a n d y  a r e a  e n c l o s e d  by t h e  r o c k s  (C). 
T a l o r c h e s t i a  d e s h a y e s i i  w as  g e n e r a l l y  f o u n d  a t  a  h i g h e r  l e v e l  
t h a n  T a l i t r u s  s a l t a t o r  on t h i s  beach . Where b o th  rocky  and  sandy  
s h o r e  i n t e r g r a d e  a s  i n  t h e  b o t to m  r i g h t  h a n d  c o r n e r  o f  t h e  
p i c t u r e ,  i t  was n o t  uncommon f o r  b o th  sa n d  and beach  h o p p e rs  t o  
c o - o c c u r .

FIG . 2 .3  T he  d i s t r i b u t i o n  o f  O r c h e s t i a  g a m m a r e l l u s  a n d  O. 
m e d i t e r r a n e a  i n  t h e  C lyde  e s t u a r y .
The d i s t r i b u t i o n  o f  0^ g a m m a re l lu s  and 0^  m e d i t e r r a n e a  i n  
t h e  C ly d e  e s t u a r y  w a s  m o n i t o r e d  u s i n g  f i e l d  s a m p l i n g  m e t h o d s  
s i m i l a r  t o  t h o s e  e m p lo y e d  by W i l d i s h  (1 9 7 0 b ) .  T h i s  a l l o w e d  a  
v a l i d  c o m p a r i s o n  o f  W i l d i s h ' s  s t u d y  i n  t h e  Medway e s t u a r y  a n d  
t h i s  p r e s e n t  p r e l i m i n a r y  s tu d y .  A n im a ls  w ere  p ic k e d  up b e tw e e n  
thum b and f o r e f i n g e r  a f t e r  t u r n i n g  o v e r  s t o n e s  and d e b r i s  b e tw e e n  
EHWS and MHWN. The r e l a t i v e  d e n s i t y  was e x p re s s e d  a s  t h e  number 
c o l l e c t e d  p e r  5 m in u te s  c o l l e c t i n g  t im e  p e r  s q u a re  m e t r e .  A n im als  
w e r e  r e t u r n e d  l i v e  t o  t h e  l a b o r a t o r y ,  i d e n t i f i e d  a n d  e x a m i n e d  
u n d e r  a  b i n o c u l a r  m ic ro sc o p e  (XlO).
O r c h e s t i a  g a m m a r e l l u s  e x t e n d s  f u r t h e r  up r i v e r  t h a n  0 .  
m e d i t e r r a n e a .  The l a t t e r  s p e c i e s  r e a c h e d  i t s  e s t u a r i n e  l i m i t  a t  
C a r d r o s s  on t h e  n o r t h  s i d e  o f  t h e  e s t u a r y .  The b a r r i e r  w a s  w e l l  
d e f i n e d  ( 7 .1 .8 5 ) ,  w i t h  t h e  l a s t  i n d i v i d u a l s  o f  0 .  m e d i t e r r a n e a  
o c c u r r i n g  200m w e s t  o f  C a r d r o s s  r a i l w a y  s t a t i o n .  T he  t e r g i t e  
p a t t e r n s  o f  t h i s  s p e c i e s  a t  t h e  l i m i t s  o f  t h e i r  d i s t r i b u t i o n  w ere  
i d e n t i c a l  t o  i n d i v i d u a l s  t a k e n  f r o m  t h e  I s l e  o f  C u m b ra e  t h e  
p r e v i o u s  m on th .  I t  i s  u n l i k e l y  t h a t  t h i s  s p e c i e s  e x i s t s  a s  tw o  
m c r p n s  a t  t n i s  l o c a t i o n  a s  h a s  b e e n  r e c o r d e d  in  t h e  M eaway 
e s t u a r y  ( W i l d i s h , 1 9 7 0 b ) .  E s t u a r i n e  p e n e t r a t i o n  i s  a l s o  l e s s  
m a r k e d  i n  t h e  C l y d e  p o p u l a t i o n  c o m p a r e d  t o  t h a t  e x a m i n e d  by  
W i l d i s h  (1970b) from  th e  S o u th -E a s t  o f  England ,
The upper l i m i t  f o r  0. g a m m a re l lu s  v a r i e d  o v e r  t h e  tw o y e a r s  
t h e  p o p u l a t i o n s  w e r e  e x a m in e d .  I n  s p r i n g  1 9 8 4 ,  Q. g a m m a r e l l u s  
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FIG , 2 ,3  c o n t in u e d
few  hund red  m e t r e s  f u r t h e r  up a t  R a s h le e  l i g h t ,  a m ph ipods  w ere  
c o n s i s t e n t l y  a b s e n t  a t  s e v e r a l  d i f f e r e n t  s i t e s  (A). The f o l l o w i n g  
s p r i n g  h o w e v e r , i t  was n o te d  t h a t  0^  g a m m a re l lu s  was p r e s e n t  b o th  
a t  t h e  mouth o f  t h e  R iv e r  C a r t  and  a s  f a r  u p - r i v e r  a s  t h e  R en frew  
F e r r y  s l i p w a y ,  w h e r e  i n d i v i d u a l s  w e r e  f o u n d  b e n e a t h  
c h a r a c t e r i s t i c a l l y  f r e s h - w a t e r  d e b r i s  (B). A t  h i g h  t i d e ,  t h e  
s a l i n i t y  o f  th e  w a te r  was 9%o, w h ic h  i s  c o n s id e r a b l y  h i g h e r  t h a n  
f o r  t h e  l i m i t  found by W i l d i s h  (1970b) i n  t h e  Medway E s t u a r y .  T h is  
may b e  d u e  t o  t h e  l a c k  o f  a p p r o p r i a t e  h a b i t a t  t y p e s  i n  t h e  
d o c k la n d  a r e a  and f u r t h e r  u p s t r e a m ,  o r  some i n h e r e n t  d i f f e r e n c e  
i n  w a t e r  q u a l i t y .  T he  r e a s o n  f o r  t h e  s h i f t  i n  t h e  l i m i t  o f  0 .  
g a m m a re l lu s  b e tw een  1984 and  1985 i s  a s  y e t  u n d e te rm in e d  th o u g h  
i t  i s  l i k e l y  t n a t  i t  may r e l a t e d  t o  d i f f e r e n c e s  i n  t h e  a n n u a l  
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FIG. 2.4 On December 8 t h ,  1984, much d e b r i s  and weed w as  c a s t  up 
o n t o  t h e  l a n d  a n d  e v e n  o n t o  t h e  p e r i m e t e r  r o a d  o n  t h e  I s l e  o f  
Cum brae, d u r in g  a  s to r m .  On c lo s e  e x a m in a t io n  o f  t h i s  d e b r i s ,  i t  
was found  t h a t  many am phipods  (p re d o m in a n t ly  0^ g a m m a re l lu s )  w ere  
p r e s e n t .  T h e r e a f t e r ,  o n e  p a r t i c u l a r  s p o t  on F a r l a n d  B i g h t  w as  
v i s i t e d  a t  m o n t h l y  i n t e r v a l s ,  t o  c h e c k  f o r  t h e  p r e s e n c e  o f  
am ph ipods . I n  t h e  f i g u r e  o p p o s i t e ,  g e n e r a l  f l o t s a m  and  j e t s a m  can  
be s e e n  a t  t h e  b o t to m  r i g h t  hand s i d e  o f  th e  p i c t u r e ,  many m e t r e s  
f r o m  t h e  t o p  o f  t h e  b e a c h .  A l t h o u g h  t n i s  p i c t u r e  w a s  t a k e n  i n  
J u n e ,  1 9 8 5 ,  0 .  g a m m a r e l l u s  w as s t i l l  p r e s e n t  a t  t h i s  l o c a t i o n ,  
a l t h o u g h  n o t  i n  s u c h  g r e a t  a b u n d a n c e  a s  n o t e d  s i x  m o n th s  
p r e v i o u s l y .  I n  t h e  m a j o r i t y  o f  c a s e s ,  i t  i s  u n l i k e l y  t h a t  a c t i v e  
d i s p e r s a l  i s  r e s p o n s i b l e  f o r  th e  in la n d  r e c o r d s  o f  0  .g a m m a re l lu s  
i n  t h i s  c o u n t r y .
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FIG , 2,5 Pocky s h o r e  h a b i t a t  o f  O r c h e s t i a  g a m m a re l lu s .
I n  F i g ,  2 .5 a  i s  a  p h o t o g r a p h  o f  t h e  r o c k y  s h o r e  a t  F a r l a n d  
B i g h t  G r e a t  Cumbrae I s l a n d .  O r c h e s t i a  g a m m a re l lu s  was p r e s e n t  in  
abundance , b o th  w i t n i n  and b e n e a th  t h e  l a r g e  w rack  a c c u m u la t io n  
( c e n t r e )  a n d  i n  t h e  w r a c k  s t r i n g  ( u p p e r  l e f t )  a t  t h e  t o p  o f  t h e  
beach . 0 ^  m e d i t e r r a n e a  was p r e s e n t  b e n e a th  s t o n e s  j u s t  b e lo w  t h e  
l e v e l  o f  t h e  l a r g e  w ra c k  bed. F ig u re  2.5b) i s  o f  t h e  r o c k y  s h o r e ,  
s o u th  o f  F i n t r a y  Bay, G r e a t  Cumbrae I s l a n d .  O r c h e s t i a  g a m m a re l lu s  
w as  p r e s e n t  b o th  w i t h i n  t h e  w rack a c c u m u la t io n s  (b o t to m , l e f t )  
and  b e n e a th  t h e  s a n o s t o n e  s l a b s  l y i n g  on  th e  s a n d s to n e  p a v e m e n t  
f e a t u r e  i n  t h e  b a c k g r o u n d .  The A.H.W. a n i m a l s  ( s e e  C h a p t e r  5) 
w e r e  c o l l e c t e d  f r o m  b e n e a t h  r o c k s  a t  t h e  g r a s s  m a r g i n  o f  t h e  
b e a c h .
a
t h e  t i d e ,  m o s t  0 .  g a m m a r e l l u s  w e r e  c o n c e n t r a t e d  i n  a "  b o r d e r "  zone  
2cm deep ;  t h e  d e e p e r  l a y e r s  w ere  f u l l  o f  d e c ay in g  weed and  O r c h e s t i a  
e x c re m e n t  w h i l e  t h e  s u r f a c e  l a y e r s  w ere  composed o f  u n a l t e r e d  a lg a e .  
P e r k in s  (1974) found  t h a t  w h i l e  d e f a e c a t i o n  o c c u r r e d  upon t h e  l i t t e r ,  
m o s t  f a e c a l  p e l l e t s  a c c u m u la te d  a t  t h e  bo t tom  o f  t h e  e x p e r i m e n t a l  j a r .  
H i s  e x a m i n a t i o n  o f  a  s h i n g l e  b a n k  a t  C o i d b a c k i e  i n  S u t h e r l a n a ,  
c o n f i r m e d  t n i s .  He f o u n d  a n  a b u n d a n c e  o f  f a e c a l  p e l l e t s  a t  a  d e p t h  
g r e a t e r  th a n  0.3m w i t h i n  t h e  s h i n g l e .  I t  i s  p ro b a b ly  t r u e  t o  sa y  t h a t  
b o t n  s u p e r f i c i a l  w r a c k  an d  u n d e r l y i n g  s h i n g l e  a r e  i n h a b i t e d  by 
O r c h e s t i a  b u t  t h e  am phipods ' v e r t i c a l  z o n a t io n  a t  any g iv e n  t im e  may 
d e p e n d  upon  a  c o m b i n a t i o n  o t  e n v i r o n m e n t a l  f a c t o r s .  B a c k lu n d  (1^45) 
f o u n d  t h a t  0 .  g a m m a r e l l u s  q u i t e  l i t e r a l l y  a t e  i t s  way u p w a rd  i n  a  
wracK bed a s  f a r  a s  t h e  w rack rem a in e d  c o o l  and humid enough , w h i l e  on 
h o t ,  sunny d a y s  th e y  r e t r e a t e d  t o  t h e  d e e p e r  l a y e r s .
O r c h e s t i a  g a m m a r e l l u s  e x t e n d s  a l o n g  t h e  E u r o p e a n  c o a s t s  f ro m  
w e s t e r n  N orw ay  a n d  D enm ark  (B oeck , 1872 ;  S a r s ,  1 8 9 0 ;  D a h l ,  1 9 4 b ) ,  
Sweden and t n e  B a l t i c  (K arlb r inK , 1989), t h e  D e l t a i c  r e g i o n  o f  H o lland  
(Den H a r t o g ,  1 9 8 3 ) ,  t n e  c o a s t s  o f  t h e  B r i t i s n  I s l e s  ( L i n c o l n ,  1979 ; 
s e e  a l s o  F i g .  2 .6a )  a n d  F r a n c e  ( C h e v re a u x  and  F a g e ,  1925) dow n i n t o  
t h e  M e d i te r r a n e a n  and B lack  S eas  (C aspers ,  1951). I t  i s  a l s o  found on 
t h e  Canary  I s l a n d s  ( B a r r o i s ,  1887; D ahl, 1947), t h e  A t l a n t i c  c o a s t  o f  
C a n a d a  ( E ^ o u s f i e ld ,  l s 5 8 )  and t h e  e x t r e m e  w e s t  c o a s t s  o f  I c e l a n d  
( I n g o l f s s o n ,  1%74). I n g o i i s s o n  (1%77) n o t e s  t h a t  0 .  g a m m a r e i i u s  an 
I c e l a n d  i s  l i m i t e d  t o  l o c a t i o n s  w h e r e  t h e  a v e r a g e  a i r  an d  s e a  
t e m p e r a t u r e s  a r e  b o t h  h i g n .  He a l s o  n o t e s  t h a t  w h i l e  m a r i n e  s p e c i e s  
"d rop  ou t"  in  tn e  same o r d e r  on b o tn  s i d e s  o f  th e  A t l a n t i c  (as w e l l  a s  
a r o u n d  I c e l a n d )  a s  on e  m oves  i n t o  c o l d e r  t e m p e r a t u r e  r e g i m e s  tw o  
e x c e p t i o n s  s t a n d  o u t .  b o t h  0 .  g a m m a r e l l u s  and  H y a le  n i l s s o n i  e x t e n d  
c o n s i d e r a b l y  f u r t h e r  i n t o  a  c o l d  t e m p e r a t u r e  r e g i m e  on  t n e  N o r tn  
A m erican c o a s t  tn a n  on European c o a s t s  ( in c lu d in g  Ice lan d }  r e l a t i v e  t c
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FIG. 2 .6  D i s t r i b u t i o n  o f  T a l i t r i d a e  i n  S c o t l a n d
The  f o u r  n a t i v e  s p e c i e s  o f  S c o t l a n d  (0^ g a m m a r e l l u s  
[AJ ,0^  m e d i t e r r a n e a  [BJ , T a l i t r u s  s a l t a t o r  [C] and T a l o r c h e s t i a  
d e s h a y e s i i  [D]) a r e  f o u n d  w h e r e v e r  t h e i r  r e s p e c t i v e  s u b s t a t u m  
p r e f e r e n d a  a r e  f u l f i l l e d .  The W e s t  c o a s t  o f  S c o t l a n d  s u p p o r t s  
l a r g e  p o p u l a t i o n s  o f  O r c h e s t i a  s ^ . , m a in ly  due t o  t h e  p r o m in e n c e  
o f  rocky  h a b i t a t s .  However, t h e s e  a n im a l s  w ere  found  a t  v a r i o u s  
l e v e l s  o f  a b u n d a n c e  a l l  r o u n d  t h e  c o a s t .  T h e r e  w e r e  e v e n  som e 
l o c a l i s e d  p o p u l a t i o n s  e x i s t i n g  b e n e a th  d e b r i s ,  l y in g  on  a  s m a l l  
a r e a  o f  r o c k s  on  a  p r e d o m i n a n t l y  s a n d y  b e a c h  ( L o c h i n v e r , J u n e ,  
1985), The d i s t r i b u t i o n  o f  T a l i t r u s  and  T a l o r c h e s t i a  c a n  l a r g e l y  
b e  c o r r e l a t e d  w i t h  t h e  d i s t r i b u t i o n  o f  c l e a n  s a n d y  b e a c h e s .  
C o n s e q u e n t ly ,  t h e  s a n d y  b e a c h e s ,  p a r t i c u l a r l y  from  Loch T o r r i d o n  
t o  C ape  W r a th  a n d  f r o m  N a i r n ,  r i g h t  dow n t h e  E a s t  c o a s t  p a s t  
A b e r d e e n ,  s u p p o r t  a  v e r y  l a r g e  f a u n a  o f  s a n d h o p p e r s .  A s i s  t h e  
c a s e  w i th  O r c h e s t i a  sp p . ,  many l o c a l i s e d  p o p u l a t i o n s  may e x i s t  on 
j o s t  a few m e t r e s  o f  sandy  beach  (eg. B a l lo c h m a r t in  Bay, I s l e  o f  













o t h e r  s p e c i e s .  He r e g a r d s  t h i s  a s  e v id e n c e  t h a t  t h e i r  d i s t r i b u t i o n a l  
l i m i t s  a r e  c o n t r o l l e d  i n  a  f a s h i o n  d i f f e r e n t  t o  t h a t  o f  o t h e r  m ore 
m a r i n e  s p e c i e s  a n d  t h a t  t h e s e  s u p r a l i t t o r a l  s p e c i e s  may be m ore 
a f f e c t e d  by  a i r  t e m p e r a t u r e  t h a n  a r e  o t h e r  i n t e r t i d a l  s p e c i e s  ( s e e  
a l s o  Moore, 1977 on H^ n i l s s o n i ) .
O r c h e s t i a  m e d i t e r r a n e a  i s  a  p r e d o m i n a n t l y  w arm  w a t e r  s p e c i e s ,  
b e in g  found  i n  t h e  M e d i te r r a n e a n  (Chevreux, 1893; R u f fo ,  1937, 1938; 
L o u i s ,  1977a) and  h a v in g  i t s  n o r th e r n  l i m i t  i n  t h e  N o r th  o f  S c o t la n d  
( F ig .  2.6) a n d  t h e  D e l t a i c  r e g i o n  o f  H o l l a n d  (Den H a r t o g ,  1963; 
L i n c o l n ,  1 9 7 9 ) .  I t  i s  a b s e n t  f ro m  I c e l a n a  an d  t h e  S c a n a i n a v i a n  
c o u n t r i e s .  U n l ik e  0 ^  g a m m a re l lu s , 0. m e o i t e r r a n e a  i s  n o t  u s u a l l y  found 
a b o v e  t n e  h i g n  w a t e r  m ark  (R e io ,  19 4 7 ;  M o o re ,  1984) a l t h o u g n  
o c c a s i o n a l  s p e c im e n s  nave been t a k e n  from  above t h i s  l e v e l  (Bate ana 
W estw ooG , 1 6 6 3 ) .  I n  g e n e r a l ,  0 . m e d i t e r r a n e a  i s  f o u n d  t o  occu p y  a 
f a i r l y  n a r r o w  z o n e  on t h e  s h o r e  ( l i v i n g  b e lo w  t h e  z o n e  o f  0 .  
g a m m a r e l l u s ) w n e r e  i t  i s  i n u n a a t e a  a t  e a c h  h i g h  t i d e .  T n i s  i n v o l v e s  
a p p r o p r i a t e  m o v e m e n ts  u p -  o r  do w n -  s h o r e  a t  s p r i n g  o r  n e a p  t i d e s  
( C h e v re u x  a n a  F a g e ,  1925 ; Den H a r t o g ,  1 9 6 3 ;  W i l a i s h ,  1 9 8 2 a ) .  The 
am phipods l i v e  u n a e r  ro c k s  ana  s to n e s  a t  t h e  same s h o re  l e v e l  a s  th e  
f u c o i d ,  P e l v e t i a  c a n a l i c u l a t a .  W i ld i s h  (1982a) s t a t e s  t h a t  t h i s  i s  a  
e u l i t t o r a l  a n i m a l  s i n c e  i t  i s  a e p e n d e n t  on t h e  d a i l y  t i a a l  l e v e l  a s  
w e l l  a s  on tn e  w rack  or. wr.:-cr. i t  r e e c s .
Q r c n e s t i a  m e a i t e r r a n e a  i s  a p o l y m o r p n i c  s p e c i e s .  N ear  t o  i t s  
l i m i t  o f  p e n e t r a t i o n  i n t o  e s t u a r i e s ,  t h e  t y p i c a l  morph 0^ m e d i te r r a n e a  
m e d i t e r r a n e a  i s  r e p l a c e a  by morph 0^  a e s t u r e n s i s  w hicn  d i f f e r s  from 
m o rp n  m e a i t e r r a n e a  i n  o o r s a i  p i g m e n t  p a t t e r n s ,  i n  t h e  i n c i a e n c e  o f  
i n t e r s e x e s  a n a  i n  n a v i n g  a h i g n  p r o p o r t i o n  o f  r e p r o a u c t i v e  f e m a l e s  
( W i i a i s h ,  197Ub,c).
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2.2.3 Ecology
When Oj_ m e d i t e r r a n e a  c o -o c c u r s  w i t h  0^  g a m m a re l lu s , t h e  fo rm e r  i s  
u s u a l l y  ( th o u g h  n o t  i n v a r i a b l y )  i n  t h e  m i n o r i t y  (Den H a r t o g ,  1 9 6 3 ) .  
T h e r e  a r e  r e p o r t s  t h a t  a t  som e l o c a t i o n s  i n  t h e  B r i t i s h  I s l e s ,  
p o p u l a t i o n s  o f  b o th  s p e c i e s  o c c u r  a t  t h e  same s h o re  l e v e l  (Goodhart, 
1 9 4 1 ;  W i l d i s h ,  1 9 7 0 b ) .  T h i s ,  h o w e v e r ,  i s  n o t  t h e  c a s e  i n  t h e  F i r t h  o f  
C lyde where t h e r e  i s  a  c l e a r  s e g r e g a t i o n  o f  0^  m e d i t e r r a n e a  from  0. 
g a m m a re l lu s  ( a l th o u g h  some i n d i v i d u a l s  from  th e  lo w e r  f r i n g e  o f  th e  0. 
g a m m a r e l l u s  z o n e  d o  m ix  w i t h  0 ^  m e a i t e r r a n e a , s e e  M oore  (1984). 
P e r h a p s  a s  Oy m e d i t e r r a n e a  r e a c h e s  i t s  n o r th e r n  g e o g r a p h i c a l  l i m i t ,  
i t s  a o i i i t y  t o  e x t e n d  f u r t h e r  up t h e  s h o r e  i s  l i m i t e d  by c l i m a t i c  
f a c t o r s  such  a s  a i r  t e m p e ra tu re .  T h is  would re d u c e  i t s  c o m p e t i t iv e  
a b i l i t y  a g a i n s t  ^  g a m m a r e l l u s . I t  i s  known t h a t  0 ^  g a m m a r e l l u s  
u n d e r g o e s  a  v e r t i c a l  m i g r a t i o n  on  t h e  s h o r e  c o r r e s p o n d i n g  w i t h  
s e a s o n a l  c hanges  i n  h a b i t a t ;  t h e  a n im a ls  move f u r t h e r  up th e  sh o re  i n  
w i n t e r  and  r e t r e a t  a g a i n  d u r i n g  t h e  sum m er ( K a r l b r i n K ,  1969; 
D.J.Agnew, p e r s . c o m m . ) .  T h e  e f f e c t  o f  t h i s  m i g r a t i o n  on  t h e  
d i s t r i b u t i o n  o f  m e d i t e r r a n e a  i s  a t  p r e s e n t  n o t  known.
The e c o lo g y  o f  B r i t i s n  O r c h e s t i a  spp . h a s  n o t  been  s t u d i e d  in  any 
g r e a t  d e t a i l  w i t h  t h e  e x c e p t i o n  o f  W i l d i s h ' s  (197Ub) w ork  on t n e  
Medway e s tu a r y .  A lth o u g h  he p r e s e n t e d  no q u a n t i t a t i v e  d a t a .  Den Hartog 
•1963} exam ined  t h e  e c o l o g i c a l  r e l a t i o n s h i p s  o f  Oy g a m m a re l lu s  ana 0 . 
m e a i t e r r a n e a  p a r t i c u l a r l y  w i th  r e g a r d  t o  t h e i r  d i f f e r i n g  h e i g h t s  on  
t n e  s h o r e .  He t h o u g h t  t h a t  i n t e r s p e c i f i c  c o m p e t i t i o n  p o t e n t i a l l y  
e x i s t e d  b e t w e e n  t h e s e  s p e c i e s ,  b u t  t h a t  i t s  e f f e c t  w as  l a r g e l y  
a t t e n u a t e d  by t h e i r  d i f f e r i n g  e c o l o g i c a l  r e q u i r e m e n ts .  In  t h e  D e l t a i c  
r e g io n  o f  H o l la n d ,  Oy m e d i t e r r a n e a  e x te n d e d  dow nshore  f u r t h e r  th a n  O. 
g a m m a re l lu s ; t h e  lo w e r  p a r t  o f  th e  ran g e  o f  0^ m e d i t e r r a n e a  may be a 
r e f u g e ,  w n e r e  i t  c a n  r e t r e a t  f ro m  c o m p e t i t i o n .  I n  t n e  a b s e n c e  o f  a  
c o m p e t i t o r ,  in  H o l la n d ,  O. m e d i te r r a n e a  s t i l l  o c c u p ie s  a band f u r t h e r
iO
down t h e  s h o re  i n  a r e a s  n ever  o c c u p ie d  by Oy g a m m a re l lu s .  Ttie r e v e r s e  
w as  n o t  t h e  c a s e  i n  t h e  F i r t h  o f  C ly d e  w h e r e ,  i f  0 .  m e d i t e r r a n e a  w as  
a b s e n t ,  i t s  p l a c e  w as  t a k e n  by  ^  g a m m a r e l l u s . Den H a r to g  (1 9 6 3 ) ,  
ho w ev er ,  c o n s i d e r s  t h a t ,  when e c o l o g i c a l  c i r c u m s ta n c e s  a r e  f a v o u r a b le ,  
0 .  m e d i t e r r a n e a  may i n t r u d e  i n t o  t h e  t e r r i t o r y  o f  0 .  g a m m a r e l l u s  t o  
t h e  e x t e n t  t h a t ,  "w hen t h e  d e g r e e  o f  m o i s t u r e  i s  o p t i m a l  f o r  0 .  
m e d i t e r r a n e a , t h i s  s p e c i e s  may be a  f e r v e n t  c o m p e t i t o r  d r i v i n g  o u t  0. 
g a m m a re l lu s . ”
I t  IS  know n t n a t  c o m p e t i t i o n  a n d  p r e d a t i o n  a r e  i m p o r t a n t  i n  
d e t e r m i n i n g  t n e  z o n a l  d i s t r i b u t i o n  o f  som e o t h e r  a m p h ip o d  s p e c i e s  
(V in c e  e t  ^ . ,  1 9 7 6 ;  Van D o la n ,  1 9 7 8 ;  F e n c h e l  an d  K o l d i n g ,  1 9 7 9 ) .  
V ince  e t  a l .  (1976) s u g g e s te d  t h a t  p r e d a t i o n  by F u n d u l u s  h e t e r o c l i t u s  
( th e  k i l l i f i s h ) ,  was a  dom inan t  f a c t o r  i n  r e s t r i c t i n g  th e  d i s t r i b u t i o n  
o f  t h e  s a l t - m a r s h  a m p h ip o d  O r c h e s t i a  g r i l l u s  t o  h i g h  i n t e r t i d a l  
h a b i t a t s .  K n e i b  ( 1 9 8 2 ) ,  h o w e v e r ,  e m p l o y i n g  t r a n s p l a n t a t i o n  
e x p e r im e n t s ,  found  t h a t  th e  i n t e r t i d a l  d i s t r i b u t i o n  o f  0. g r i l l u s  and 
t h e  s p e c i e s  o c c u r r i n g  i m m e d i a t e l y  o e lo w  (Gammarus p a l u s t r i s )  were 
d e te r m in e d  p r i m a r i l y  by p r e f e r e n c e s  f o r  s p e c i f i c  p h y s i c a l  c o n d i t i o n s .  
I n  g e n e r a l ,  t h e  e f f e c t  o f  e n v i r o n m e n ta l  f a c t o r s  on t a l i t r i d  s u r v i v a l  
a n d  d i s t r i b u t i o n  i s  p o o r l y  d o c u m e n t e d  an d  d e t a i l e d  s t u d i e s  a r e  
u r g e n t l y  r e q u i r e d .  The m o is t  h a b i t a t  and n o c tu r n a l  a c t i v i t y  o f  s e m i-  
t e r r e s t r i a l  a m p h ip o d s  (B o w e rs ,  1 9 6 4 ;  N e l s o n ,  1980) a r e  g e n e r a l l y  
r e g a r d e d  a s  a d a p t a t i o n s  a r i s i n g  from  t h e i r  l i a b i l i t y  t o  c o n t r o l  w a te r ­
l e s s  t o  t h e  a t m o s p h e r e  (D o rsm an ,  1 9 3 5 ;  W i l l i a m s o n ,  1 9 5 1 a ;  H u r l e y ,  
1968; Lazo-Wasem, 1984). I t  i s  known t h a t  g a m m a re l lu s  i s  e x t r e m e ly  
s e n s i t i v e  t o  d e s i c c a t i o n  ( B a c k lu n d ,  1 9 4 5 ;  W i l l i a m s o n ,  1951a)  b u t  
p a r a d o x i c a l l y  l e s s  s o ,  i t  w o u ld  a p p e a r  t h a n  t h e  e u t e r r e s t r i a l  
Arc 1 t a l i t r u s  s y l v a t i c u s  (Lazo-Wasem, 1984). (This w i l l  be d i s c u s s e d  i n  
m ore  d e t a i l  i n  t h e  l a s t  c h a p t e r . )  U n f o r t u n a t e l y  t h e r e  a r e  no d a t a
i  /
a v a i l a b l e  f o r  0 ^  m e d i t e r r a n e a  a n a  s o  a  c o m p a r a t i v e  s t u d y  o f  
a e s i c c a t i o n  r e s i s t a n c e  i n  r e l a t i o n  t o  r e l a t i v e  p o s i t i o n  on th e  s h o re  
o f  t h e  tw o  s p e c i e s  i s  n o t  p o s s i b l e  a t  p r e s e n t ,  D a h l  ( l9 4 b )  a s s u m e d  
t h a t  d i f f e r e n c e s  found be tw een  h u m id i ty  t o l e r a n c e  o f  0^  g a m m a re l lu s  
a n d  P l a t o r c h e s t i a  (=Q r c h e s t i a ) p l a t e n s i s  (B a c k lu n d ,  1945) w e r e  
p a r t i a l l y  r e s p o n s i b l e  f o r  a l l o w i n g  t h e  f o r m e r  t o  e x i s t  i n  a r e a s  ( l e  
dam p  c r e v i c e s  w i t h  no w r a c k  c o v e r )  w h e re  t n e  l a t t e r  d i d  n o t  o c c u r .  
P l a t z m a n  (196U) f o u n d  a  s l i g h t  d i f f e r e n c e  i n  h u m i d i t y  t o l e r a n c e  
b e t w e e n  T a l o r c h e s t i a  m e g a l o p h t h a l m a  an d  O r c h e s t i a  a g i l i s , b u t  n o t  
enough , he th o u g h t ,  t o  r e s t r i c t  them  t o  d i f f e r e n t  i n t e r t i d a l  h a b i t a t s .  
I t  may be  i n  P l a t z m a n ' s  c a s e ,  a s  i n d e e d  w i t n  t h e  tw o  O r c h e s t i a  s p p .  
u n d e r  p r e s e n t  c o n s i d e r a t i o n ,  t h a t  b e h a v i o u r a l  an d  d i s t r i b u t i o n a l  
d i f f e r e n c e s  b e tw e e n  two such  c l o s e l y  r e l a t e d  s p e c i e s  w i l l  be found to  
be  m o re  i m p o r t a n t  t h a n  h u m i d i t y  t o l e r a n c e  p e r  s e  (o r  any  o t h e r  
p h y s i c a l  p a ra m e te r )  in  d i f f e r e n t i a t i n g  t h e i r  r e s p e c t i v e  n ic h e s .
W herever th e y  a r e  found , b o th  0^  g a m m a re l lu s  and 0^ m e d i t e r r a n e a  
may o c c u r  a t  v e r y  h i g h  d e n s i t i e s  ( F ig .  2 .7 ) .  V e n a b l e s  (1981c) f o u n d  
t h e  s u p r a l i t t o r a l  T a l o r c h e s t i a  m a r g a r i t a  a t  d e n s i t i e s  o f  5 ,592 -  39,047 
m^, w h ich  i s  e x c e p t i o n a l  among am phipods (Gammarus o c e a n ic u s , <1U,0(JU 
m^ b u t  u s u a l l y  1 ,0 0 0  m^ o r  l e s s  ( S t e e l e ,  1 9 7 6 ) ;  P o n to g a m m a ru s  
m a e o t i c u s , 4 ,8 2 1  ra^ (Kasymov, 1 9 7 6 ) .  O t h e r  s u p r a l i t t o r a l  t a l i t r i d s ,  
e g .  O r c h e s t i a  t u b e r c u l a t a  (1 ,0 0 0  m^) ( D u a r t e ,  1974) o r  T a l o r c h e s t i a  
quoyana  (256 m^) (Fincham, 1977) o c c u r  a t  much lo w e r  d e n s i t i e s .  During 
t h e  p r e s e n t  s t u d y ,  0 .  g a m m a r e l l u s  w as  fo u n d  a t  d e n s i t i e s  e x c e e d i n g  
60 ,00U  m^ i n  som e a r e a s  o f  S o u t h  F i n t r a y  Bay, G r e a t  C um brae  I s l a n d .  
Such f i g u r e s  how ever , a r e  g r e a t l y  d e p e n d e n t  on th e  amount o f  c a s t  weed 
t h a t  h a s  a c c u m u la te d  on a  p a r t i c u l a r  beach  and can  v a ry  d r a m a t i c a l l y  
w i t h i n  a  c o m p a r a t iv e ly  s m a l l  a r e a .
A g g r e g a t i o n  b e h a v i o u r  i n  t h e  T a l i t r i d a e  i s  p o o r l y  s t u d i e d  
com pared  w i t h  w o o d l ic e .  P e r s o n a l  o b s e r v a t i o n s  i n d i c a t e  t h a t  O r c n e s t i a
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FIG. 2.7 C o n c e n t r a t i o n  o f  O r c h e s t i a  g a m m a re l lu s  d i s t u r b e d  on 
r e m o v a l  o f  w ra c k  c o v e r in g  (X3).
m
s p p .  a r e  m o s t  a c t i v e  w hen c o n t a c t  w i t h  s u r r o u n d i n g  s u r f a c e s  i s  
m i n i m a l .  Once t h e  t r u n k  o f  t h e  b o d y ,  i e .  a p a r t  f r o m  t h e  p e r a e o p o o s ,  
c o m e s  i n t o  c o n t a c t  w i t h  a  s u r f a c e  (ev e n  i f  t h a t  s u r f a c e  i s  a n o t h e r  
a n im a l ) ,  t h e  a n im a l  becomes l e s s  a c t i v e  f i n a l l y  becom ing c o m p le te ly  
q u i e s c e n t .  T he  o b s e r v e d  " b u n c h in g  e f f e c t "  due t o  s u c h  th ig m o k in e s i s ,  
r e s u l t s ,  i n  t h e  c a s e  o f  t h e  w o o d l ic e ,  i n  a  d e c r e a s e  i n  w a t e r l o s s  from 
i n d i v i d u a l  a n i m a l s  ( F r i e d l a n d e r , 1 9 6 3 ) .  I t  m ay  t h e r e f o r e  be  
i n t e r p r e t e d  a s  a  s t r a t e g y  f o r  re d u c in g  th e  e f f e c t s  o f  d e s i c c a t i o n  in  
t h e s e  a n i m a l s  l i v i n g  h i g h  on t h e  s h o r e  ( s e e  a l s o  Agnew , 1985 on 
Echinogam m arus p i r l o t i  and E^ o b t u s a t u s ) . A l l e e  i n  H u r le y  (1968) a l s o  
n o te d  t n a t  su c h  a g g r e g a t i o n s  o f  t e r r e s t r i a l  i so p o d s  n o r m a l ly  c o l l e c t  
a t  t h e  m o i s t  e n d  o f  a  h u m i d i t y  g r a d i e n t .  T h i s  i s  a l s o  t h e  c a s e  i n  
O r c h e s t i a  (B acklund, 1945; W i l l i a m s o n ,  1951a).
The w ra c k  b a n k s  i n h a b i t e d  by 0 .  g a m m a r e l l u s  a r e  w a rm e r  t h a n  t h e  
a m b i e n t  a i r  t e m p e r a t u r e s  t h o u g h o u t  th e  y e a r ;  t e m p e r a t u r e  v a r i a t i o n s  
b e i n g  m i n i m a l  i n  t h e  d e e p e s t  l a y e r s  ( B a c k lu n d ,  1 945 ;  M oore and  
F r a n c i s ,  1 9 6 5 a ) .  T h i s  f a c t  may be  i m p o r t a n t  t o  t h e  s u r v i v a l  o f  t h i s  
n o n - h ib e r n a t in g  a n im a l  (0^ g a m m a re l lu s  i s  a c t i v e  t h ro u g h o u t  the  w in te r  
( B o u s f ie ld ,  1956) ). D uring  t h i s  s tu d y  i t  was o b s e rv e d  t h a t  even under 
e x t r e m e ly  c o ld  c o n d i t i o n s  when many O r c h e s t i a  l i v i n g  b e n e a th  s to n e s  
h i g h  on  t h e  b e a c h  h a d  d i e a ,  a n i m a l s  l i v i n g  b e n e a t n  t h e  s t r a n d  l i n e  
d e b r i s  were s t i l l  a c t i v e  and c o n t in u e d  t o  fee d .
O r c h e s t i a  g a m m a re l lu s  h a s  a  w ide t o l e r a n c e  o f  t e m p e ra tu re ;  th e  
l o w e r  an d  h i g h e r  l e t h a l  t e m p e r a t u r e s  b e i n g  - 6  t o  -3 ^ C  and  37^0 
r e s p e c t i v e l y  ( B a c k lu n d ,  1945 ; M oore and  F r a n c i s ,  1 9 8 5 a ) .  T h e s e  
f i g u r e s ,  n o w e v e r ,  d o  n o t  a l l o w  f o r  t h e  p o s s i b i l i t y  o f  s e a s o n a l  
a c c l i m a t i o n  t h a t  i s  known t o  o c c u r  i n  o t h e r  t a l i t r i d  s p e c i e s ,  eg. in  
t h e  e u t e r r e s t r  i a l  A r c i t a l i t r u s  s y l v a t i c u s  (Lazo-Wasem, 1984). In  t n i s  
s p e c i e s  t h e  uppe r  l e t h a l  t e m p e ra tu re  in  th e  sutimer i s  s e v e r a l  d e g re e s
h i g h e r  t h a n  t h a t  o b s e r v e d  d u r i n g  t h e  w i n t e r ,  a s  y e t  t h e r e  i s  no 
c o m p a r a b l e  i n f o r m a t i o n  f o r  t h e  t e m p e r a t u r e  t o l e r a n c e  o f  Q. 
m e d i t e r r a n e a . A s d a t a  b e c o m e  a v a i l a b l e  i t  m ay  b e  f o u n d  t h a t  
te m p e ra tu re  p r e f e r e n d a  and t o l e r a n c e s  w i l l  be shown t o  be im p o r ta n t  
f a c t o r s  n o t  g u s t  i n  d e l i n e a t i n g  th e  d i f f e r e n t  g e o g ra p h ic  d i s t r i b u t i o n s  
o f  b o t h  s p e c i e s  b u t  a l s o  i n  m a i n t a i n i n g  t h e i r  r e s p e c t i v e  v e r t i c a l  
z o n a t io n  p a t t e r n s  on t h e  sh o re .
I t  s h o u l d  be  n o t e o  t h a t  t h e  r e c e n t  r e p o r t i n g  o f  P l a t o r c n e s t i a  
p l a t e n s i s  from  t h e  S ou th  e a s t  c o a s t  o f  England (W ild ish  ana  L in c o ln ,  
1979) may nave  s e r i o u s  i m p l i c a t i o n s  f o r  l o c a l  B r i t i s n  p o p u l a t io n s  o f  
Q. g a m m a re l lu s .  The tw o s p e c i e s  c o -o c c u r  on th e  European  c o a s t  wnere 
P. p l a t e n i s  was a p p a r e n t l y  i n t r o d u c e d  i n  a b o u t  186Ü, and i t  n a s  s in c e  
s u p p l a n t e d  0 .  g a m m a r e l l u s  i n  som e l o c a t i o n s  (B e n b e n a n i  a n d  C r o k e r ,  
1 9 8 2 ) .  The g e n e r a l  c o m p e t i t i v e  s u p e r i o r i t y  o r  P. p l a t e n s i s  o v e r  Q. 
ga ia m are l lu s  h a s  been  a t t r i b u t e d  t o  th e  lo n g e r  r e p r o d u c t i v e  p e r io d  o f  
P. p l a t e n s i s  a n d  t o  i t s  m o re  r a p i d  m a t u r i t y ,  l a r g e  b r o o d  s i z e  and  
l a r g e  num ber o f  b r o o d s  p e r  b r e e d i n g  s e a s o n  (D a n l ,  1 946 ;  K a r l b r i n k ,  
1969 ) .
2.2.4 ACTIVITY RHYTHMS AND ORIENTATION
O r c h e s t i a  g a m m a r e l l u s  e x i b i t s  a  c i r c a d i a n  e n d o g e n o u s  a c t i v i t y  
r h y th m ,  b r o w s i n g  a t  n i g n t ,  a t  an d  a b o v e  H.W.M. The r h y th m  h a s  no 
e n d o g e n o u s  t i a a i  c o m p o n e n t  f o r  t h i s  s p e c i e s  d o e s  n o t  show a t i d a l  
m i g r a t i o n  o n t o  t n e  l o w e r  s h o r e .  I n  c o n t r a s t ,  0 .  m e a i t e r r a n e a  (w n icn  
l i v e s  below 0^  g a m m a re l lu s  on t h e  shore) p o s s e s s e s  endogenous rhy tnm s 
o f  bo th  cirtadian. and  t i d a l  f re q u e n c y  (W ild ish ,  1970a). The p e r s i s t e n c e  
a n a  p r e c i s i o n  o f  t h e  l o c o m o t o r  r h y th m  and  t h e  d e f i n i t i o n  o f  t n e  
n o c tu r n a l  a c t i v i t y  p n a s e ,  how ever, a r e  g r e a t e r  i n  b u r ro w in g  s p e c i e s  
th a n  i n  t h e  m ore c r y p t o z o ic ,  n o n - s u b s t r a t e  m o d ify in g  (sensu  M a cIn ty re ,  
1963) t a l i t r i d s  ( W i l l i a m s ,  1 9 8 3 a ) .  I t  i s  i n t e r e s t i n g  t h a t  Duncan
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( 1 9 6 9 )  h a s  s u g g e s t e d  t h a t  d i f f e r e n t  l o c o m o t o r y  p a t t e r n s  i n  
e u t e r r e s t r i a l  t a l i t r i d s  may r e d u c e  c o m p e t i t i o n  b e t w e e n  a  p a i r  o f  
s p e c i e s  w h ich  e x h i b i t  s i m i l a r  f o r a g in g  p a t t e r n s  (as  i s  m ost  c e r t a i n l y  
t h e  c a s e  f o r  0^  g a m m a re l lu s  and 0^  m e d i t e r r a n e a ) .
A l th o u g h  t a l i t r i d  amphipod a c t i v i t y  i s  p r e d o m in a n t ly  n o c tu r n a l ,  a  
t i m e - c o m p e n s a t e d  s u n  c o m p a s s  o r i e n t a t i o n  m e c h a n i s m  h a s  b e e n  
d e m o n s t r a t e d  i n  0 ^  m e d i t e r r a n e a  ( P a r d i ,  196u) a n d  s e v e r a l  o t h e r  
l i t t o r a l  ( s u b s t r a t e  -  m o d i f y in g )  a m p h ip o d s  ( P a r d i  and  P a p i ,  1952; 
P a r d i  a n o  G r a s s i ,  1 955 ;  E n r i g h t ,  19 6 1 ;  E r c o l i n i ,  1 964 ;  E r c o l i n i  e t  
a l . ,  1 9 8 3 ) .  C e l e s t i a l  o r i e n t a t i o n  i n v o l v i n g  t h e  moon h a s  b e e n  
d e m o n s t r a t e d  i n  many sandhoppers  eg . T a l i t r u s  i f  n o t  s p e c i f i c a l l y  in  
t h e  Q r c h e s t i a  s p p .  p r e s e n t l y  u n d e r  c o n s i d e r a t i o n  ( P a p i  and P a r d i ,  
1955, 1959, 1963; P a p i ,  196U; E n r ig h t ,  1961, 1972). However, d i r e c t i o n  
f i n d i n g  may a l s o  depend t o  v a ry in g  e x t e n t s  on h u m id i ty  and th e  l e v e l  
o f  s u b s t r a tu m  m o i s t u r e  (P a rd i  and P a p i ,  1952; Van d e r  Bercken e t . a l . ,  
1 9 6 7 ) ,  on  v i s u a l  l a n d m a r k s  ( W i l l i a m s o n ,  1 9 5 1 b ,  1 9 5 4 ;  S c a p i n i  and  
B a r t o l o z z i ,  1 9 8 3 ) ,  on  p r e v a i l i n g  w in d s  ( P a r d i  a n d  P a p i ,  1 9 5 2 ) ,  on 
t h i g m o t a x i s  ( E n r i g h t ,  1978) and  on  h y d r o s t a t i c  p r e s s u r e  ( E n r i g h t ,  
1978). T h e re  i s  a l s o  some e v id e n c e  t h a t  s a n d h o p p ers  may use  th e  s lo p e  
o f  t h e  b e a c h  i t s e l f  t o  a i d  o r i e n t a t i o n  ( C r a i g ,1 9 7 3 a ,  b ) .A r d e n s e  an d  
B a r e n d re g t  (1981) w ork ing  w i th  0. cav im ana  have e s t a b l i s n e c  che r o l e s  
o f  b o th  m a g n e t ic  and p h o t o - o r i e n t a t i o n  p a r t i c u l a r l y  c c r r e l u t e c  w i t h  
p r e - e x p e r i m e n t a l  w a t e r l o s s .  I t  n a s  o e e n  r o u n o  t n a t  n u m i a i t y  a n a  
s a l i n i t y  c an  a c t  s y n e r g i s t i c a l l y  t o  i n f l u e n c e  s u n  c o m p a s s  s e t t i n g  
( r e f e r r e d  t o  b r i e f l y  above)  i n  T a l i t r u s  s a l t a t o r  ( S c a p i n i ,  1 9 7 b ) . A 
c o m b in a t io n  o f  low  h u m id i ty  and d i l u t e d  s e a w a te r  c a u s e s  tnem to  move 
f ro m  l a n d  t o w a r d  t h e  s e a  o u t  w hen t h e  s a l t  c o n t e n t  o f  t h e  w a t e r  
r e a c h e s  a  c r i t i c a l  l e v e l  ( b e tw e e n  3 and  5 %«), T a l i t r u s  h e a d s  i n  t h e  
o p p o s i t e  d i r e c t i o n .  O r i e n t a t i o n ,  a l t h o u g h  e x t e n s i v e l y  e x a m in e a  i n  
v a r i o u s  s a n d y  b e a c h  s p e c i e s  ( s e e  N e w e l l ,  1979; H e r r n c n a ,  1 yo3 t o r
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r e v i e w s  o f  t h e  m e c h a n is m s  i n v o l v e d ) ,  h a s  b e e n  l i t t l e  s t u d i e d  i n  
0 .  g a m m a r e l l u s  o r  ^  m e d i t e r r a n e a . T h i s  i s  p r o b a b l y  d u e  t o  t h e  f a c t  
t h a t  t h e s e  Q r c h e s t i a  s p e c i e s  a r e  c o m p a r a t i v e l y  " s t a t i o n a r y "  when 
c o m p a r e d  w i t h  m an y  o f  t h e  s a n d h o p p e r s  w h i c h  o f t e n  t r a v e r s e  
c o n s i d e r a b l e  d i s t a n c e s  i n  s e a r c h  o f  f o o d  (D a h l ,  19 4 6 ;  G e p p e t t i  and  
T o n g io r g i ,  1 9 b 7 ) .
2 .2 .5  DISPERSAL
Q r c h e s t i a  g a m m a r e l l u s  i s  d e p e n d e n t  upon  t h e  s e a  f o r  p a s s i v e  
d i s p e r s a l  (K a r lb r in k ,  1969). When p l a c e d  in  w a te r  i t  w i l l  c l i n g  to  any 
f l o a t i n g  o b g e c t  ( K a r lb r in k ,  19b9; W i ld i s h ,  1970b; s e e  a l s o  Bock, 1967 
f o r  d e t a i l s  on  P^ p l a t e n s  i s ). Dahl (1946) s u g g e s te d  t h a t ,  b e c au se  many 
b i r d s  a r e  s e e n  t o  p i c k  a t  t h e  w r a c k  b e d s ,  "one  c a n  w e l l  i m a g in e  t h a t  
f r i g h t e n e d  Q r c h e s t i a  may l e a p  o n to  them and se ek  p r o t e c t i o n  among th e  
f e a t n e r s  a n d  a r e  c a r r i e d  away f o r  l o n g e r  o r  s h o r t e r  d i s t a n c e s . "  
S e g e r s t r a l e  e t  a l .  (1954) i n  H u r ley  (1968) have p roduced  c o n s id e r a b l e  
g e o g r a p h i c a l  a n d  e x p e r i m e n t a l  e v i d e n c e  f o r  a  t h e o r y  o f  ( a q u a t i c )  
amphipod d i s t r i b u t i o n  in v o lv in g  t r a n s p o r t a t i o n  by b i r d s .  Such a  method 
o f  d i s p e r s a l ,  i f  i t  t a k e s  p l a c e  a t  a l l  i n  t a l i t r i d  a m p h ip o d s ,  c o u l d  
o n ly  be e f f e c t i v e  o v e r  s h o r t  d i s t a n c e s .  A c t iv e  d i s p e r s a l  on th e  o th e r  
h a n d  w o u ld  a p p e a r  t o  be i n s i g n i f i c a n t  i n  t h e  d e t e r m i n a t i o n  o f  t n e  
d i s t r i b u t i o n  o f Q. g a m m a r e l l u s  (D a h l ,  1946 ; K a r l b r i n k ,  1 9 6 9 ) .  Tne 
e x c e p t io n  t o  t h i s  i s  found in  th e  c a s e  o f  p r e s s u r e  b e in g  e x e r t e d  by 
o u t s i d e  f o r c e s .  For exam ple ,  f lo o d in g  o f  th e  h a b i t a t  may r e s u l t  i n  t h e  
f o r c e d  m i g r a t i o n  o f  l a r g e  n u m b e r s  o f  t h e s e  a n i m a l s  ( S c h e l l e n b e r g ,  
1 942 ;  D a h l ,  1 9 4 6 ;  M is s  C.H. F r a n c i s ,  p e r s .  com m .). I n  a  S w e d is h  
p o p u l a t i o n  o f  ^  p i a t e n s i s , o r i e n t a t i o n  i s  in  a  n o r t h - s o u t h  d i r e c t i o n  
( i e . a l o n g  t h e  c o a s t )  w h i c h  K a r l b r i n k  (1 9 6 9 )  s u g g e s t e d  may b e  
a d v a n t a g e o u s  i f  t h i s  s p e c i e s  i s  i n t r o d u c e d  i n t o  a  new a r e a .  He a l s o  
n o te d  t h a t  t h i s  r e a c t i o n  was a b s e n t  from Oy_ g a m m a re l lu s .
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2.2.6 LOCOMOTION
M o s t  t a l i t r i a s  a r e  p o o r  s w im m e rs  (D a h l ,  1 9 4 6 ) .  Some o f  t h e  m ore  
t e r r e s t r i a l  fo rm s  c a n n o t  swim a t  a l l  (Lawrence, 1953; H u r le y ,  1968). 
Q r c h e s t i a  m e d i t e r r e n e a  b e in g  e u l i t t o r a l  (W ild ish ,  1982a), how ever ,  i s  
a  n o t a b l e  e x c e p t io n :  i t  a p p e a r s  t o  be v e ry  much a t  home i n  t h e  w a te r .  
I t  s w im s  w i t h  t h e  body  f u l l y  e x t e n d e d  an d  t h e  a n t e n n a e  p o i n t i n g  
f o r w a r d s  an d  l y i n g  p a r a l l e l  t o  o n e  a n o t h e r .  The p e r a e o p o d s  e x t e n d  
back w ard s  and a  s t r o n g  p leo p o d  b e a t  (W alshe-M aetz , 1956) p r o p e l s  th e  
a n i m a l  f o r w a r d s .  A s i m i l a r  s w im m in g  b e h a v i o u r  h a s  b e e n  d e s c r i b e d  
p r e v i o u s l y  t o r  Q r c h e s t i a  p a l u s t r i s  (S m a l lw o o d ,  1 9 0 5 ) .  I n  c o n t r a s t ,  
w hen Q. g a m m a r e l l u s  i s  p l a c e d  i n  w a t e r  i t  i s  m o re  i n c l i n e d  t o  w a lk  
th a n  swim (R o b e rtso n ,  1886). I f  f o r c e d  to  swim i t  d o e s  so  by means o f  
r a p i d  f l i c k s  o f  t h e  urosom e. These  f l i c k s  p r o p e l  t h e  a n im a l  fo rw a rd  in  
a  s e r i e s  o f  movem ents w hich  a r e  b o tn  awkward and t r a n s i t o r y .  Swimming 
b e h a v i o u r  an d  e c o l o g i c a l  e n e r g e t i c s  o f  some t a l i t r i d  s p e c i e s  h a v e  
r e c e n t l y  been  t h e  s u b j e c t  o f  f a i r l y  e x te n s i v e  s tu d y  by V ogel (1985a) 
a s  h a s  t h e  f u n c t i o n a l  m orphology o f  t h e  m u s c u la tu r e  in v o lv e d  (Vogel, 
1 9 8 5 b ) .  R o b e r t s o n  (1886) w r o t e  t h a t  0 ^  g a m m a r e l l u s , " c a n n o t  l i v e  
c o n t i n u o u s l y  i n  w a t e r  t h o u g h  i t  l o o k s  a t  home f o r  a  t i m e . "  H o w e v er ,  
b o th  0^ g a m m a re l lu s  and 0^ m e d i t e r r a n e a  can  l i v e  i n d e f i n i t e l y  in  w e l l  
a e r a t e d  w a t e r  (32%*) b e tw e e n  l u  a n d  20*^C (R e id ,  19 4 7 ;  J . I . S .  p e r s .  
o b s . )  .
T e r r e s t r i a l  lo c o m o t io n  i n  g a m m a re l lu s  was f i r s t  d e s c r i b e d  by 
C h e v r e u x  (1 8 8 8 ) .  W a lk in g  i n  b o t h  Q. g a m m a r e l l u s  an d  Q. m e d i t e r r a n e a  
d o e s  n o t  a p p e a r  t o  be v e r y  e f f i c i e n t ;  t h e  l a t e r a l l y  c o m p r e s s e d  body  
e x te n d s  upward to  a  h e i g h t  t h a t  i s  j u s t  g r e a t e r  th a n  th e  w id th  be tw een  
t h e  p e ra e o p o d s :  b e c au se  t h e  c e n t r e  o f  g r a v i t y  i s  so  h ig h  t h e  a n im a l  i s  
p o t e n t i a l l y  u n s t a b l e .  P e raeopods  3-5  a r e  m o d if ie d  i n  sucn  a  way a s  t o  
p r o v i d e  s t a b i l i t y  w h i l e  w a l k i n g  u p r i g h t  (B o w e rs ,  1964) an d  a r e
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s p e c i a l l y  s t r e n g th e n e d  f o r  jum ping (C harn iau x -L eg ran d , 1952; B ulycheva 
q u o te d  i n  H u r le y ,  1968). S h o r te n in g  o f  t h e  urosom e and s t r e n g t h e n i n g  
o f  t h e  u r o p o d s  i s  a l s o  a s s o c i a t e d  w i t h  t h e  j u m p in g  h a b i t  ( H u r le y ,  
1 9 6 8 ;  E.L. B o u s f i e l d  i n  K a e s t n e r ,  1970 p . 4 7 8 ) .  When e i t h e r  s p e c i e s  
i s  d i s t u r b e d  a n i m a l s  b e g i n  t o  ju m p  i n  a  ran d o m  f a s h i o n  u n t i l  t h e y  
r e a c h  s a f e t y  (B ars , 1890; Ruppel 1967). A f t e r  2-3  hops th e y  w i l l  o f t e n  
c u r l  up  i n t o  a  b a l l  an d  f e i g n  d e a t h  b e f o r e  t h e  r e s u m p t i o n  o f  e i t h e r  
w a l k i n g  o r  j u m p i n g  b e h a v i o u r .  D e a th  f e i g n i n g  i s  a  common f e a t u r e  o f  
m any t a l i t r i d  s p e c i e s  (H o lm e s ,  1 9 0 3 ) .  The m o v em e n t  p r e f e r e n c e  o f  
Q r c h e s t i a  c a n  be  s u m m a r i s e d  a s  q u i e s c e n t > w a l k i n g > j u m p i n g  ( J . I .S .  
p e r s .o b s . ) .  The jump o f  0 . c a v im an a , a  s p e c i e s  m o r p h o lo g ic a l ly  s i m i l a r  
t o  0 ^  g a m m a r e l l u s  a n d  0 ^  m e d i t e r r a n e a , h a s  b e e n  s t u d i e d  by B r a c h t  
(1980b). He found  t h a t  t h i s  s p e c i e s ,  i n  a  jump l a s t i n g  350-400 m sec .,  
c o v e re d  a  d i s t a n c e  o f  18 cm, and a c h ie v e d  an  a v e ra g e  a c c e l e r a t i o n  on 
t a k e - o f f  o f  300 m.s” ^.
I n  0 ^  g a m m a r e l l u s , t h e r e  i s  no  h a r d e n i n g  o f  t h e  c u t i c l e  by 
c a lc iu m  c a r b o n a te  d e p o s i t i o n  a s  i s  n o r m a l ly  t h e  c a s e  f o r  more m ar in e  
a m p h ip o d s .  T h i s  r e s u l t s  i n  t h e  i n t e g u m e n t  b e i n g  s o f t e r  an d  m ore  
f l e x i b l e  t h a n  i s  t h e  r u l e  i n  a m p h ip o d s  ( R e id ,  1 9 4 7 ) .  The w e i g h t  l o s s  
in v o lv e d  i s  h a r d l y  s u f f i c i e n t  f o r  t h i s  change t o  be e x p la in e d  i n  te r m s  
o f  a d a p t a t i o n  t o  t h e  j u m p in g  h a b i t .  R e id  (1947) s u g g e s t e d  t h a t  t h i s  
c h a n g e  may m ake t h e  a n i m a l ,  " s u p p l e  e n o u g h  f o r  c r a w l i n g  i n t o  d r y  
a p e r t u r e s . "
A l t h o u g h  n o t  a s  common a  b e h a v i o u r  p a t t e r n  a s  i n  T^ s a l t a t o r  
( W i l l i a m s ,  1983b) a n d  o t h e r  s a n d h o p p e r s  (R e id ,  1 9 4 7 ) ,  b u r r o w i n g  h a s  
been  o b s e rv e d  i n  0^ g a m m a re l lu s  b o th  on t h e  s h o re  ( S c h e l le n b e rg ,  1942; 
Den H a r t o g ,  1 964 ;  J . I . S ,  p e r s . o b s . )  an d  i n  t h e  l a b o r a t o r y  ( J . I .S .  p e r s  
o b s . ) . I n  t h e  c a s e  o f  T. s a l t a t o r  i t  a p p e a r s  t h a t  b u r r o w  d e p t h  i s  
r e g u l a t e d  p r i m a r i l y  by th e  r e q u i r e m e n t  o f  t h e  am phipods t o  a c h ie v e  a n
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optim um  h u m id i ty  i n  t h e  s u r r o u n d in g s  ( W i l l i a m s ,  1983b).
2.2.7 REPRODUCTION AND DEVELOPMENT
R e p r o d u c t i o n  a n d  d e v e l o p m e n t  i n  t h e  T a l i t r i d a e  h a s  b e e n  t h e  
s u b j e c t  o f  e x t e n s i v e  i n v e s t i g a t i o n .  W i l l i a m s o n  (1 9 4 9 a ,  1953) h a s  
o b s e rv e d  m a t in g  i n  0^  g a m m a re l lu s  and Oy m e d i te r r a n e a .  The m ale  w i l l  
o n ly  m ate  w i th  a  f r e s n l y  m o u lted  f e m a le .  D uring c o p u l a t i o n  th e  fe m a le  
i s  c a r r i e d  b e n e a th  t h e  m a le 's  body i n  such  a  manner t h a t  th e y  can  run  
a n d  ju m p  i f  n e c e s s a r y .  She  i s  s u p p o r t e d  c h i e f l y  by t h e  m a l e ' s  s e c o n d  
g n a th o p o d s ,  g r ip p i n g  one o f  h e r  t h o r a c i c  coxae. In  0^ g a m m a re l lu s , th e  
f e m a l e  i s  c a r r i e d  f o r  a b o u t  a n  h o u r ,  d u r i n g  w h ic h  t i m e  c o p u l a t i o n  
t a k e s  p l a c e  f o u r  t o  f i v e  t i m e s .  I n  0^  m e d i t e r r a n e a  c a r r y i n g  i s  
c o n t i n u e d  u p  u n t i l  e g g  l a y i n g  w h i c h  c a n  b e  u p  t o  23 h a f t e r  
c o p u l a t i o n .  The t i m e  o f  egg  l a y i n g  i s  n o t  d e t e r m i n e d  by t h e  t i m e  o f  
c o p u l a t i o n  b u t  by t h e  t i m e  o f  m o u l t .  Egg l a y i n g  a l w a y s  o c c u r s  24 h 
a f t e r  t h e  m o u l t  i n  f e m a l e s  o f  b o t h  s p e c i e s .  C h a r n i a u x - C o t t o n  (1957) 
h a s  o b se rv e d  s t e r i l e  i n t e r s p e c i f i c  m a t in g  be tw een  0^ g a m m a re l lu s  and 
0 . m e d i t e r r a n e a .
Fem ale  0^ g a m m a re l lu s  a r e  found b e a r in g  eggs  d u r in g  th e  summer 
m onths  (Den H a r to g ,  1964; Moore and F r a n c i s ,  1986b; J . I .S .  p e r s .  obs.) 
f ro m  March t o  e i t h e r  S ep tem ber  (Amanieu, 1967a,b; W il l i a m s o n ,  1949a) 
o r  O c tober  (Backlund, 1945). Dahl (1946) r e c o rd e d  a  b im oda l  p a t t e r n  i n  
t h e  number o f  g r a v i d  f e m a le s  i n  t h e  summer m onths , w hich  he a t t r i b u t e d  
t o  p r e c o c i o u s  j u v e n i l e  d e v e l o p m e n t .  C h a r n i a u x - C o t t o n  (1957) and  
Amanieu (1967a), how ever ,  s u g g e s t  t h a t  t h i s  phenomenon was l a r g e l y  due 
t o  s a m p l i n g  e r r o r  a s  i t  i s  u n l i k e l y ,  i n  t h e i r  v i e w ,  t h a t  0 .  
g a m m a re l lu s  c o u ld  o b t a i n  a  g r a v i d  c o n d i t i o n  i n  t h r e e  o r  f o u r  m onths. 
W i l l i a m s  (1 9 7 8 a ) ,  t o o ,  f o u n d  t h a t  i n  T a l i t r u s  s a l t a t o r , s e x u a l l y  
d i f f e r e n t i a t e d  j u v e n i l e s  d i d  n o t  c o n t r i b u t e  to  th e  s e c o n d a ry  b re e d in g  
p o p u l a t i o n  d u r in g  th e  summer b re e d in g  se a s o n .  I t  h a s  been  r e p o r t e d  f o r
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a  M e d i t e r r a n e a n  p o p u l a t i o n  o f  m e d i t e r r a n e a  t h o u g h ,  t h a t  young  
a n i m a l s  b o r n  i n  t h e  m i d d l e  o f  t h e  s p r i n g  e n t e r  i n t o  r e p r o d u c t i v e  
a c t i v i t y  by t h e  en d  o f  t h e  sum m er o f  t h e  n e x t  y e a r  ( L o u i s ,  1 9 7 7 a ,b ) .  
T h i s  d i s c r e p a n c y  may e i t h e r  r e f l e c t  a  g e n u in e  d i f f e r e n c e  b e tw een  tn e  
s p e c i e s  o r  i t  may be d u e  t o  l a t i t u d i n a l  d i f f e r e n c e .  D e s p i t e  t h e  
c o n f u s i o n ,  i t  may be s a i d  t h a t  s u c h  o b s e r v e d  c y c l e s  i n  r e p r o d u c t i v e  
b e h a v io u r  s u g g e s t  t h e  s y n c h r o n i s a t i o n  o f  fe m a le  b e h a v io u r  i n  hav ing  a  
few  b ro o d s  i n  a  good s e aso n .
W i l l i a m s o n  (1954) was o f  t h e  o p in io n  t h a t  th e  b re e d in g  rhythm  i s  
p a r t l y  i n n e r  en  t  and p a r t l y  c o n t r o l l e d  by c l i m a t e ;  b o th  egg l a y in g  and 
j u v e n i l e  d e v e l o p m e n t  a r e  t e m p e r a t u r e  d e p e n d e n t  ( C h a r n i a u x - C o t t o n ,  
1 9 5 7 ;  B ock , 1 9 6 7 ) .  I t  h a s  b e e n  s u g g e s t e d  t h a t  a  s e m i - a n n u a l  s p e c i e s  
w h ic h  p ro d u c e s  two g e n e r a t i o n s  p e r  y e a r  i n  th e  more s o u t h e r l y  p a r t  o f  
i t s  r a n g e  (eg .  0 ^  g a m m a r e l l u s ) , i s  p r o b a b l y  a n n u a l  t o w a r d s  i t s  
n o r t h e r n  ran g e  l i m i t  (W i ld is h ,  1982b). I n  t h i s  c o n n e c t io n ,  a  s tu d y  o f  
0 . g a m m a re l lu s  from  th e  e x t r e m e  s o u t h - e a s t  c o a s t  o f  I c e l a n d  would be 
o f  g r e a t  i n t e r e s t .  The b re e d in g  s e a s o n  in  0^ m e d i t e r r a n e a  i s  s i m i l a r  
t o  t h a t  m e n t i o n e d  a b o v e  (B a te  a n d  W e stw o o d ,  1 863 ;  U l i a n i n ,  1880 ; 
W i l l i a m s o n ,  1949; L o u is ,  1977a ,0 ).
F e m a le  Q r c h e s t i a  s p p .  c a r r y  b e t w e e n  8 and  25 e g g s  i n  t h e  b r o o d  
p o u c h  ( W i l l i a m s o n ,  1 9 4 9 a ;  M o r in o ,  1 978 ;  W i l d i s h ,  1 9 8 2 b ) ,  t h e  s i n g l e  
e g g  v o lu m e  (a s  % body  w e i g h t )  b e i n g  0.056% i n  0 ^  m e d i t e r r a n e a  an d  
0.114% i n  0^  g a m m a re l lu s  (W i ld is h ,  1982b). The eggs  o f  0^  g a m m a re l lu s  
a r e  p u r p l e  (B a te  an d  W e s tw o o d ,  1 8 6 3 ;  S c o t t ,  1956) a s  i s  t h e  c a s e  i n  
m any o t h e r  t a l i t r i d  s p e c i e s  ( R a w l in s o n ,  1 9 3 7 ) .  The h a t c h e d  young  
r e m a in  i n  t h e  f e m a le  m arsupium  f o r  a  few  days  o r i e n t a t e d  p e r p e n d i c u l a r  
t o  t h e  l o n g i t u d i n a l  body  a x i s .  T h e i r  h e a d s  r e s t  i n  t h e  s h a l l o w  
d e p r e s s i o n s  l o c a t e d  b e t w e e n  t h e  body  s e g m e n t s .  When t h e  a d u l t  i s  
sq u e ez e d  g e n t l y ,  th e  young a r e  a b l e  t o  e j e c t  th e m s e lv e s  from  th e  b rood  
p o u c h  an d  hop  t o  s a f e t y .  The y o u n g  a r e  n o r m a l l y  b r i g h t  o r a n g e  i n
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c o lo u r  i n  b o th  s p e c i e s  (B ate  and Westwood, 1863).
Q r c h e s t i a  g a m m a re l lu s  h a s  a  maximum l i f e  e x p e c ta n c y  o f  18 m onths 
( C h a r n i a u x - C o t t o n ,  1957) w hen r a i s e d  i n  t h e  l a b o r a t o r y  a l t h o u g h  
Dorsman (1935) found  t h a t  cav im ana had a  l i f e  sp a n  o f  a p p ro x im a te ly  
12 m onths  i n  t h e  w i l d .  S i m i l a r l y ,  p l a t e n s i s  can  l i v e  f o r  a  p e r io d  
o f  a b o u t  12 m o n th s  b u t  i n  n a t u r a l  p o p u l a t i o n s  t h i s  f i g u r e  i s  v e r y  
o f t e n  red u ced  by a s  much a s  h a l f  (Behbehani and C ro k e r ,  1982).
In  0^  g a m m a re l lu s  t h e r e  i s  an  i n i t i a l  r a p i d  j u v e n i l e  g ro w th  r a t e  
f o l l o w e d  by a  d e c r e a s e  i n  r a t e  f o l l o w i n g  s e x u a l  d i f f e r e n t i a t i o n  
( W i l d i s h ,  1 9 7 2 ) .  T he  d e v e l o p m e n t ,  g r o w t h  an d  m o u l t  c y c l e  o f  Q. 
g a m m a r e l l u s  a n d  Q. m e d i t e r r a n e a  h a s  b e e n  d e s c r i b e d  i n  g r e a t  d e t a i l  
( U l i a n i n ,  188Ü, 18 8 1 ;  C h a r n i a u x - L e g r a n d ,  1 952 ;  C h a r n i a u x - C o t t o n ,  
1 9 5 7 ,  I 9 6 0 ;  W i l d i s h ,  1 9 7 2 ) .  I t  i s  a l s o  s i m i l a r  t o  t h a t  o f  o t h e r  
t a l i t r i d s  (D a h l ,  1 9 4 6 ;  L a f o n ,  1958 ; W i l l i a m s ,  1978a)  a n d  i n t e r t i d a l  
gam m arid  am phipods (Sheader  and C h ia ,  1970) t h a t  have  been  s tu d i e d .  Q. 
g a m m a r e l l u s  e x h i b i t s  a  p a t t e r n  o f  i n d e t e r m i n a t e  g r o w t n  w i t h  no 
t e r m i n a l  e c d y s i s  (C h a rn ia u x -C o t to n ,  1957). M o u lt in g  f r e q u e n c y  i n  bo tn  
s p e c i e s  i s  a f f e c t e d  by v a r i o u s  e x t r i n s i c  f a c t o r s  su c h  a s  t e m p e ra tu re  
( C h a r n i a u x - C o t t o n ,  1 9 5 7 ) ,  t h e  s a l i n i t y  o f  t h e  f o o d / s u b s t r a t u m  
(W ild ish ,  1970c) and p n o t o p e r i o d i s m  ( K u r a t a ,  1 9 6 2 ) .  C h a r n i a u x - C o t t o n  
(1957) h a s  a l s o  d e s c r i b e d  s e l e c t e d  f e a t u r e s  o f  t h e  m o u l t  i n  Q. 
g a m m a re l lu s  w hich  e n a b le  r a p i d  d e t e r m i n a t i o n  o f  t h e  m o u l t  s t a g e .  P o s t -  
m o u l t  ( S t a g e s  A-B) c a n  b e  r e c o g n i s e d  by t h e  p r e s e n c e  o f  a  s o f t  
e x o s k e le to n .  I n t e r  m o u l t  (S tage  C) i s  d e f in e d  a s  t h e  t im e  when t h e r e  
i s  no o b v io u s  em pty  s p a c e  b e n e a th  th e  c u t i c l e  o f  t h e  second  gnathopod. 
T h i s  p e r i o d  i s  v e r y  v a r i a b l e  i n  t h e  C r u s t a c e a  a s  a  w h o le .  I t  r a n g e s  
f r o m  l e s s  t h a n  24 n  t o  tw o  o r  t h r e e  y e a r s ,  t h e  l a t t e r  b e i n g  t h e  c a s e  
i n  som e o f  t h e  l a r g e r  d e c a p o d s  ( H a r t n o l l ,  1 9 8 2 ) .  I n  Q. g a m m a r e l l u s  
t h i s  p e r i o d  l a s t s  a b o u t  t h r e e  w e e k s .  C h a r n i a u x - C o t t o n  d i v i d e s  t n e
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p r e - m o u l t  c o n d i t i o n  i n t o  tw o  s t a g e s .  I f  t h e r e  i s  a  s p a c e  p r e s e n t  
b e tw e en  th e  o ld  and t h e  new c u t i c l e ,  o r  i f  t h e r e  i s  an  u n c u t i c u l a r i s e d  
c l a w  p r e s e n t ,  t h e n  t h i s  i s  t a k e n  a s  e a r l y  p r e - m o u l t  ( S t a g e s  DO-1). 
L a te  p r e - m o u l t  i s  d e t e c t e d  by t h e  c u t i c u l a r  i s a t i o n  o f  t h e  new c law .
Tne s e x  r a t i o  f o r  b o t h  s p e c i e s  i s  n o r m a l l y  1 :1  ( W i l d i s h ,  1970a) 
e x c e p t  i n  c e r t a i n  c i r c u m s t a n c e s  such  a s  t h e  c o l o n i s a t i o n  o f  u n s t a b l e  
h a b i t a t s  w here  a  b i a s e d  se x  r a t i o  may be o f  a d a p t iv e  v a lu e  (W ild is h ,  
1 9 7 1 ) .  I n t e r s e x u a l i t y  i s  v e r y  common i n  0 .  g a m m a r e l l u s  ( C h a r n i a u x -  
C o t t o n ,  1957) a s  i n  many o t h e r  t a l i t r i d s  ( B o u l e n g e r ,  1 9 0 8 ;  D a v id ,  
1 936 ;  C h a r n i a u x - C o t t o n ,  1 9 b 0 ) .  T h i s  p a r t i c u l a r  p h e n o m e n o n  h a s  b e e n  
i n v e s t i g a t e d  e x t e n s i v e l y  by G in sb u rg e r -V o g e l  (see G in s b u rg e r -V o g e l  and 
C h a r n i a u x - C o t t o n ,  1982  f o r  r e f e r e n c e s  an d  r e v i e w ) .  On t h e  I s l e  o f  
C um brae , t h e  g r e a t e s t  number o f  i n t e r  sex  i n d i v i d u a l s  w ere  t a k e n  from  
a b o v e  t h e  M.H.W.M. T hey  w e r e  c h a r a c t e r i s e d  by t h e  p r e s e n c e  o f  b o t h  
o o s t e g i t e s  an d  g n a t h o p o d s ,  t h e  l a t t e r  b e in g  m ark ed ly  d i f f e r e n t  from 
t h e  no rm a l appendage.
M o r in o  (197a) a n d  W i l d i s h  (1 9 7 9 ,  1982b) h a v e  c o n s i d e r e d  t h e  
e v o l u t i o n a r y  a d a p t a t i o n s  a n d  e c o l o g y  o f  r e p r o d u c t i o n  i n  v a r i o u s  
t a l i t r i d  s p e c i e s .
2 .2 .8  FEEDING
T a l i t r i d s  a r e  i m p o r t a n t  i n  t h e  d e g r a d a t i o n  o f  s t r a n d e d  k e l p  
(B r e n n e r  e t  a l . ,  1 9 7 6 ;  L o p e z ,  1 977 ;  L opez  e t  a l . ,1 9 7 7 ;  Cammen, 1980; 
G r i f f i t h s  and S te n to n -D o z e y , 1981). Q r c h e s t i a  g a m m a re l lu s  w i l l  e a t  a l l  
dead  o r g a n ic  m a t t e r  i n d i s c r i m i n a t e l y ,  p ro v id e d  t h a t  i t  i s  n o t  to o  h a rd  
o r  d r y  ( B a c k lu n d ,  1 9 4 5 ;  B o c k ,  1 9 6 7 ) .  P e r k i n s  (1974) r e c o r d e d  a n  a l g a l  
i n t a k e  e q u i v a l e n t  t o  3.42% o f  t h e  w e t  w e i g h t  o f  l a m i n a r i a n  
a l g a e . Q r c h e s t i a  b o d y  w e ig h t~ ’^.day~*^.. A l th o u g h  t h e y  c o n s u m e  l a r g e  
a m o u n t s  o f  m a t e r i a l ,  t h e  g r e a t e r  p e r c e n t a g e  o f  i t  i s  n o t  d i g e s t e d  
( B a c k lu n d ,  1 9 4 5 ) .  Some w orx  c a r r i e d  o u t  a t  G a r e l o c h n e a d  ( P e r k i n s ,
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1974) h a s  c o n f i r m e d  t h e s e  o b s e r v a t io n s  and shown a l s o  t h a t  Q r c h e s t i a  
may l i v e  n a t u r a l l y  i n  l e a f - 1  i t t e r  and consume c a rd b o a r d  a s  r e a d i l y  a s  
m ore n a t u r a l  m a t e r i a l s .  I t i i s  c o s m o p o l i ta n  v o r a c i o u s n e s s  e x te n d s  even 
t o  " a  h a n d k e r c h i e f ,  w h ic h  a  l a d y  l e t  f a l l  a m o n g s t  th e m ,  (w h ich )  was 
soon  red u c e d  t o  a  p i e c e  o f  open  work by t h e  m in u te  ja w s  o f  t h e s e  s m a l l  
c r e a t u r e s "  (B a te  a n d  W e s tw o o d ,  1 8 6 3 ) .  Some r e c e n t  w o rk  by M oore and  
F r a n c i s  (1985b) on f e e d in g  i n  0^ g a m m a re l lu s  h a s  shown t h a t  w h i l e  th e  
a n i m a l  c o n s u m e d  m a i n l y  p l a n t  ( a s  o p p o s e d  t o  a n i m a l )  m a t e r i a l ,  t h e  
o v e r a l l  c o m p o s i t i o n  o f  th e  m a t e r i a l  v a r i e d  dep en d in g  upon food  i tem  
a v a i l a b i l i t y  on t h e  s h o re .
G ut m orphology  and th e  p h y s io lo g y  o f  d i g e s t i o n  i n  t a l i t r i d s ,  ana 
e s p e c i a l l y  0 ^  g a m m a r e l l u s  h a s  b e e n  t h e  s u b j e c t  o f  e x t e n s i v e  
i n v e s t i g a t i o n  ( A g r a w e l ,  1 9 6 1 a ,b ,  1 9 6 2 a ,b , c ,  1 9 6 4 a ,b ,c ,d ;  W ild is h  and 
P o o l e ,  197Ü; S h y a m a s u n d a r i ,  1 9 7 3 ,  1 9 7 9 ,  1 9 8 1 ) .  Some t a l i t r i d s  e a t  
t h e i r  own e x u v i a e  a s  w e l l  a s  d e a d  o f  t h e i r  own k i n d  (B o w e rs ,  1964; 
M is s  C.H. F r a n c i s ,  p e r s . c o m m .) . B a te  (1862) o b s e r v e d  a  num ber  o f  
h o £ p e rs ,  " c o n g r e g a t in g  t o g e t h e r  b e n e a th  a  s t o n e ,  busy  in  d e v o u rin g  a 
common e a r th w o rm " .  U n f o r tu n a t e l y  he does  n o t  m e n t io n  w h e th e r  o r  n o t  
t h e  e a r th w o rm  was a l i v e  a t  t h e  t im e ,
2.2,9 ASSQCIATIQNS
Q r c h e s t i a  g a m m a re l lu s  i s  o f t e n  found i n  a s s o c i a t i o n  w i t h  th e  s e a -  
s l a t e r ,  L i g i a  o c e a n ic a  and  th e  f u l l y  t e r r e s t r i a l  w oodlouse  P o r c e l l i o  
s c a b e r  (Den H a r t o g ,  19 6 3 ;  S c o t t ,  1956 ; J . I . S .  p e r s . o b s . )  a s  w e l l  a s  
w i th
v a r i o u s  i n s e c t  and a r a c h n id  s p e c i e s  (Eiacklund, 1945; S c o t t ,  1956; Roth 
a n d  B r o w n ,  1 9 7 6 ;  S i m p s o n ,  1 9 7 6 ;  J . I . S .  p e r s . o b s . ) . Q r c h e s t i a  
m e d i t e r r a n e a  i s  c o m m on ly  f o u n d  i n  a s s o c i a t i o n  w i t h  E c h in o g a m m a ru s  
m a r i n u s  (C h e v re u x  a n d  F a g e ,  1925) and  E. p i r l o t i  ( J . I . S .  p e r s . o b s . ) .
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The n o c t u r n a l  h a b i t  o f  b o th  Oj_ g a m m a re l lu s  and  0 .m e d i t e r r a n e a  a s  
w e l l  a s  many o t h e r  s e m i - t e r r e s t r i a l  am phipods (Eiowers, 1964), h e lp s  
th e m  t o  a v o i d  s u r f a c e  p r e d a t o r s ,  m a i n l y  b i r d s  e g .  t h e  Chough 
( R o b e r t s ,  1 9 8 2 ) ,  t h e  L y r e  B i r d  ( S e a r l e ,  1 9 2 8 ) ,  t h e  Rock P i p i t  (G ibb , 
1 9 5 5 ) ,  t h e  R in g e d  P l o v e r  (D uncan , 1910) an d  s p e c i e s  o f  S a n d p i p e r  
(Reid, 1947). They a r e  a l s o  p rey e d  upon by v a r i o u s  i n t e r t i d a l  b e e t l e s  
(B a te  an d  W e s tw o o d ,  1 8 6 3 ;  R i c h a r d s ,  1 9 8 2 ,  1 9 8 3 ,  1 9 8 4 ) ,  c e n t i p e d e s  
(R o th  an d  B ro w n , 1976) a n d  s p i d e r s  (D uncan , 1 969 ;  R o th  a n d  B row n, 
1976; Moloney and N ic o ls o n ,  1984).
As i s  t h e  c a s e  w i t h  many t e r r e s t r i a l  a r t h r o p o d s ,  t a l i t r i d s  a r e  
i n f e s t e d  w i t h  v a r i o u s  p a r a s i t i c  m i t e s  and P r o to z o a  ( T r o u e s s a r t ,  1902; 
C a n a r i s ,  1 9 6 2 ;  F e l g e n h a u e r ,  1979 ; K i t r o n ,  1 9 8 0 ;  D u n c a n ,  1981; 
O v e r s t r e e t ,  1983; Moore and S p i c e r ,  1985; P.G. Moore pers .com m .). Such 
i n f e s t a t i o n  h a s  b een  f r e q u e n t l y  n o te d  on Oj_ g a m m a re l lu s  (T ro u e s s a r t ,  
1 902 ;  J . I . S .  p e r s .  o b s . ) . As a  c o n s e q u e n c e  o f  t h e s e  an d  o t h e r  " f o u l i n g  
o r g a n i s m s " ,  m any s p e c i e s  h a v e  e v o l v e d  a  v e r y  i n t r i c a t e  s e r i e s  o f  
s t e r e o ty p e d  g room ing  movem ents (H olm quis t,  1982, 1985). T here  i s  ve ry  
l i t t l e  i n f o r m a t i o n ,  h o w e v e r ,  on g r o o m in g  i n  0 .  g a m m a r e l l u s  and  0. 
m e d i t e r r a n e a .  The h a p lo s p o r  i d i a n  M arte  i l i a  sp . i s  e n d o p a r a s i t i c  in  0. 
g a m m a r e l l u s  a n d  i s  r e p o r t e d  t o  p r o d u c e  a  t e m p e r a t u r e - s e n s i t i v e  
f e m i n i s in g  e f f e c t  (D e s p o r te s  and lo im ,  1981). B a te  and Westwood (1863) 
have  n o ted  th e  o c c u r r e n c e  o f  p h o sp h o re sc e n ce  i n  g a m m a re l lu s .  T h is  
p h e n o m e n o n  h a s  a l s o  b e e n  r e p o r t e d  i n  o t h e r  t a l i t r i d s  ( B o u s f i e l d  and  
K lawe, 1963). I n  0^  g a m m a re l lu s , i t  a p p e a r s  t o  be r e l a t e d  t o  a  d i s e a s e  
c a u s e d  by m i c r o - o r g a n i s m s  o f  t h e  g e n u s  D i p l o b a c t e r i u m , a  c o n d i t i o n  
w h ic h  i s  o f t e n  f a t a l  ( G i a r d ,  1889 ;  G i a r d  a n d  B i l l e t ,  1 8 8 9 ) .  Some 
c l o s e l y  r e l a t e d  s p e c i e s  a l s o  a c t  a s  i n t e r m e d i a t e  h o s t s  f o r  some 
c h ic k e n  tapew orm s ( A l i c a t a ,  1936).
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2,2.10 ECONOMIC IMPORTANCE
U n t i l  f a i r l y  r e c e n t l y ,  Q r c h e s t i a  s p p .  h a v e  b e e n  r e g a r d e d  a s  o f  
l i t t l e  e c o n o m i c  i m p o r t a n c e  (R e id ,  1 9 4 7 ) .  I n  t h e  l a s t  f e w  y e a r s ,  
how ever, a n  i n t e r e s t  h a s  been  d e v e lo p in g  i n  t h e  u se  o f  Q r c h e s t i a  (and 
some T a l o r c h e s t i a  sp . s e e  V enab les  1981, a ,b ,c )  a s  a  s o u rc e  o f  p r o t e i n  
i n  b o t h  d o m e s t i c  a n i m a l  f e e d - s t u f f s  (M oore a n d  F r a n c i s ,  p e rs .c o m m .)  
and in  compounded d i e t s  i n  a q u a c u l tu r e  (Lachaux e t  a L ,  1984). As long 
ago a s  1947, R e id  had s u g g e s te d  t h a t ,  f o r  f a rm s  i n  c l o s e  p r o x im i t y  to  
t h e  s e a s h o r e ,  t h e s e  a n i m a l s  c o u l d  s e r v e  a s  a  s o u r c e  o f  a d d i t i o n a l  
p r o t e i n  f o r  f e e d i n g  c h ic k e n s  and he  o u t l i n e d  a  s im p le  m ethod f o r  t h e i r  
c a p tu r e  and p r e p a r a t i o n .  He a l s o  n o te d  in  p a s s i n g  t h a t  even  b e a c h f le a s  
a c c i d e n t l y  i n g e s t e d  by unwary p e r s o n s  may be f a r  from  u n p a la t a b l e !  A 
method f o r  t h e  e x t r a c t i o n  o f  t a l i t r i d s  from  beach  w rack h a s  r e c e n t l y  
been o u t l i n e d  by C i a v a t t i  (1983). Qnly Roubald  (1948/49) h a s  r ec o rd e d  
san d h o p p ers  b i t i n g  a  human hand , so  0^  g a m m a re l lu s  would n o t  appear  t o  
p o se  any t h r e a t  t o  human b e in g s !
Some o f  t n e  m o re  t e r r e s t r i a l  a m p h ip o d s  s u c n  a s  A r c i t a l i t r u s  
s y l v a t i c u s  a n d  ^  d o r r i e n i  ( s e e  b e lo w )  a r e  o f t e n  f o u n d  i n  human 
h a b i t a t i o n s  ( p a r t i c u l a r l y  a f t e r  heavy r a i n f a l l )  a lm o s t  t o  t h e  e x t e n t  
o f  b e i n g  r e g a r d e d  a s  p e s t s  ( M a l l i s ,  1 9 4 2 ,  1 9 6 0 ;  H u n t ,  1 9 2 5 ;  
R ic h a rd so n ,  1980). Qn o c c a s io n ,  g a m m a re l lu s  h a s  invaded  th e  M arine 
s t a t i o n  a t  P o r t  E r i n  on th e  I s l e  o f  Man (W alker, 1895). More r e c e n t l y  
t h e  sam e  s p e c i e s  w as  a c c i d e n t l y  i n t r o d u c e d  i n t o  h o u s e h o l d s  i n  a  
G r e e n o c k  h o u s i n g  e s t a t e  (P .G .M o o r e ,p e r s .  comm.) an d  a l s o  a  home i n  
R o t h e s a y  (M is s  M. B a i n , p e r s .  com m .). M oore (1984) a l s o  i d e n t i f i e d  Q. 
g a m m a r e l l u s  f r o m  u n d e r  t h e  c a r p e t  o f  a  home i n  G la s g o w .  T h i s  s e m i ­
t e r r e s t r i a l  am phipod , how ever, d o e s  n o t  w a r r a n t  t h e  same p e s t  s t a t u s  
a s  more t e r r e s t r i a l  s y n a n th r o p ic  s p e c i e s  i n  t h e  genus  A r c i t a l i t r u s .
I t  s h o u l d  be  n o t e d  f i n a l l y  t h a t  p o l l u t i o n  h a s  an  a f f e c t  on t h e  
n a t u r a l  h i s t o r y  o f  t h e s e  a n im a ls .  Q i l  s p i l l a g e s  have  been  r e s p o n s i b l e
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f o r  m ass m o r t a l i t y  i n  p o p u l a t i o n s  o f  P l a t o r c h e s t i a  p l a t e n s i s  (Boyle, 
1 9 6 9 ) .  I t  i s  a l s o  Known t h a t  many s e m i - t e r  r e s  t r i a l  a m p h ip o d s  
a c c u m u l a t e  t r a c e  m e t a l s  ( B e n d e r ,  1975 ;  R a in b o w  a n d  M o o re ,  i n  p r e s s )  
b u t  i n f o r m a t io n  on t o x i c i t y  and s u b - l e t h a l  e f f e c t s  i s  l i m i t e d ,
2.3 QRCHESTIA CAVIMANA 
Q r c h e s t i a  c av im ana  ( H e l l e r ,  1865) i s  a  f u l l y  f r e s h - w a t e r  t a l i t r i d  
(Hynes ^ £ l * /  1960) w h ic h  w as  f i r s t  r e c o r d e d  i n  t h i s  c o u n t r y  f ro m  
b e n e a th  s to n e s  above  H.W.M on th e  R iv e r  Thames a t  Richmond in  S u r re y  
(G o rd o n ,  1 9 4 4 ;  s e e  a l s o  C a in  and  C u s h i n g ,  1 9 4 8 ) .  I t  i s  known t o  o c c u r  
a s  f a r  n o r t h  a s  L e i c e s t e r  (R.R. H a r r i s ,  p e r s ,  comm.) an d  Y o r k s h i r e  
( F r y e r ,  1 9 5 0 ,  1 9 5 1 ;  C u r r y  ejt ^ . ,  1 9 7 2 ) .  S c h e l l e n b e r g  (1940) h a s
synonym  i s e d  0^_ c a v i m a n a  w i t h  0 ^  b o t t a e . T h i s  e n t i t y ,  r e p o r t e d  a s  
e i t h e r  0^ c a v im an a  o r  0^  b o t t a e , i s  w id e s p re a d  i n  f r e s h - w a t e r  h a b i t a t s  
t h o u g h o u t  E u r o p e  ( H e l l e r ,  1865 ;  L i e n h a r t ,  1 9 1 3 ;  S c h l i e n z ,  1922; 
S p a n d l ,  1 9 2 4 ;  C h e v r e u x  an d  F a g e ,  1 9 2 5 ;  G i l t a y ,  1 9 2 7 ;  D u d ic h ,  1927 ; 
Bayard  and C arayon , 1946; Beckmann, 1941; Karaman, 1965; K in ze lb ach ,  
1 9 6 5 ,  1 9 7 2 ;  K a r l b r i n k ,  1 969 ;  B r a c h t ,  1 9 8 0 a ) . N o t e s  on i t s  n a t u r a l  
h i s t o r y  an d  e c o l o g y  e x i s t  (D orsm an , 1 935 ;  D a h l ,  1 946 ;  Den H a r to g ,  
1963; R e id ,  1947) a l t h o u g h  t h e r e  i s  b u t  one q u a n t i t a t i v e  s tu d y  in  th e  
l i t e r a t u r e  ( W i l d i s h ,  1 9 7 0 b ) .  T h i s  p a r t i a l l y  t e r r e s t r i a l  h o p p e r  i s  
c o n s i d e r e d  by B o u s f i e l d  (1 9 8 4 ) ,  t o  be  a  v e s t i g e  o f  a n  i n v a s i o n  by 
T e t h y a n  b e a c h f l e a  p r o g e n i t o r s  o n t o  l a n d  i n  t h e  t e m p e r a t e  n o r t h  
A t l a n t i c .
L o c o m o t io n  i n  Q. c a v im a n a  h a s  r e c e n t l y  b e e n  s t u d i e d  by B r a c h t  
(1980) and  V o g e l  ( 1 9 8 5 a ,b ) .  L i t t l e  a t t e n t i o n  h o w e v e r ,  h a s  b e e n  p a i d  
t o  t h e  p h y s i o l o g y  o f  t h i s  s p e c i e s .  The i n f o r m a t i o n  t h a t  e x i s t s ,  i s  
c o n c e rn e d  o n ly  w i t h  o r i e n t a t i o n  (Ardense and B a r e n d re g t ,  1981; S c a p in i  
a n d  B a r t o z e l l i ,  1 9 8 3 ;  s e e  a l s o  p r e v i o u s  s e c t i o n )  a n d  l o c o m o t o r
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r h y t h m i c i t y  ( W i l d i s h ,  197Ü a). T h e r e  i s  o n e  a c c o u n t  w h ic h  c o m p a r e s  
a e r i a l  v s  a q u a t i c  r e s p i r a t i o n  i n  0 .  c a v im a n a  ( I v l e v  a n d  S u s c h e n y a ,  
1 9 6 1 ) .
I n d i v i d u a l s  u se d  in  th e  r e s p i r a t i o n  and g i l l  s t u d i e s  d e s c r i b e d  in  
c h a p t e r s  3 a n d  4 r e s p e c t i v e l y  w e r e  c o l l e c t e d  f r o m  t h e  b a n k s  o f  t h e  
R iv e r  Thames a t  I s l e w o r t h  A i t  (O.S. g r i d  r e f .  TQ 167 761). The a n im a ls  
w e r e  uncomm on o n  t h e  l o c a l  r i v e r b a n k , a p p a r e n t l y  d u e  t o  t h e  g e n e r a l  
u n s u i t a b i l i t y  o f  m i c r o - h a b i t a t s  a v a i l a b l e ,  w i th  t h e  e x c e p t io n  t h a t  i s  
o f  t h e  l o c a t i o n  s a m p l e d .  Q r c h e s t i a  c a v im a n a  w as  o b s e r v e d  i n  t h e  
l a b o r a t o r y  e a t i n g  b o tn  Beech and Sycam ore l e a v e s ,  w h ich  had been l e f t  
l y i n g  on to p  o f  t h e i r  n a t i v e  s u b s t r a tu m .  The s o f t  p a r t s  o f  t h e  l e a v e s  
w e r e  c o n s u m e d  f i r s t  l e a v i n g  j u s t  t h e  m i d r i b  a n d  s t e m  u n t o u c h e d .  
D e s p i t e  b e i n g  c o l l e c t e d  d u r i n g  t h e  sum m er m o n th s  ( J u l y ,  1 9 8 5 ) ,  no 
o v ig e r o u s  f e m a le s  w ere  n o ted .
2.4 TALITRUS SALTATQR AND TALQRCHESTIA DESHAYESII 
The sa n d h o p p e rs  exam ined  i n  t h e s e  s t u d i e s  w ere  t a k e n  from  around  
t h e  H.W.M a t  tw o  l o c a t i o n s  on  t h e  I s l e  o f  C um brae  i n  t h e  F i r t h  o f  
C ly d e ;  B a l l o c h m a r t i n  Bay (Q.S. NS 17 318437)  an d  F i n t r a y  Bay (Q.S. NS 
17 318437) ( F ig .  2 .8 ) .  T a l i t r u s  s a l t a t o r  (M ontagu) i s  a b u n d a n t  on 
m o s t  c l e a n  s a n d y  b e a c h e s  (F ig .  2 .6c )  a t  o r  j u s t  a b o v e  t h e  H.W.M. 
I n d i v i d u a l s  a r e  n o r m a l l y  a  g r e e n / b u f f  o r  f a w n  c o l o u r  w i t h  a  b l a c k  
d o r s a l  l i n e .  N o t i c e a b ly  more r o b u s t  th a n  Q r c h e s t i a  sp p . ,  t h e  m ale  and 
f e m a le  can  grow  up t o  25 and 18mm long  r e s p e c t i v e l y .  D uring  th e  d ay , 
t h e y  c a n  be  f o u n d  e i t h e r  w i t h i n  t h e i r  b u r r o w s  i n  t h e  s a n d  (F ig .  2.9) 
o r  b e n e a t h  w r a c k  an d  o t h e r  d e b r i s  c a s t  up  by t h e  t i d e .  A t  n i g h t  t h e y  
l e a v e  t h e i r  b u r ro w s  and move up and down th e  beach  i n  s e a r c h  o f  food. 
As was d i s c u s s e d  above , th e y  a r e  a b l e  t o  r e c o g n i s e  and r e t u r n  t o  th e  
u p p e r  b e a c h  by t a k i n g  i n t o  a c c o u n t  t h e  s l o p e  o f  t h e  b e a c h  and  t h e
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FIG. 2 .8  F i n t r a y  Bay on  t h e  W est s i d e  o f  G r e a t  Cumbrae I s l a n d .
B o th  T . s a l t a t o r  an d  T. d e s h a y e s l i  w e r e  c o n c e n t r a t e d  
i n  a  z o n e  b e t w e e n  t h e  l o w e s t  a n d  h i g h e s t  w r a c k  s t r i n g s  i n  t h e  
p i c t u r e  (5.6.85). A n im a ls  u sed  i n  t h e  g i l l  s t u d i e s  w e re  c o l l e c t e d  
f ro m  t h i s  b each .
. u m t .
FIG 2 .9  T a l i t r u s  s a l t a t o r  e m e r g in g  f r o m  b u r r o w  a t  H.W.M. a t  
F i n t r a y  Bay, G r e a t  Cumbrae I s l a n d .  N ote  t h e  san d  g r a i n s  a d h e r i n g  




o u t l i n e  o f  t h e  t o p  o f  t h e  beach  o r  o t h e r  n o ta b le  o b j e c t s  s i l h o u e t t e d  
a g a i n s t  th e  sky.
T a l i t r u s  s a l t a t o r  r e p r o d u c e s  f ro m  m i d - A p r i l  t o  l a t e - S e p t e m b e r  
( W i l l i a m s o n ,  1949a)  an d  a p p e a r s  t o  be l a r g e l y  q u i e s c e n t  d u r i n g  t h e  
w i n t e r  m o n t h s .  A n i m a l s  u n c o v e r e d  0 .5m  b e l o w  t h e  s u r f a c e  o n  
B a l l o c h m a r t i n  Bay i n  D e c e m b e r ,  1 9 8 4 ,  t o o k  f ro m  1 - 5  m i n u t e s  t o  
overcom e t h e i r  g e n e r a l  l e t h a r g y  on b e in g  d i s t u r b e d .  The w e l l - b e i n g  o f  
a  s a n d h o p p e r  p o p u l a t i o n  i s  d e p e n d e n t  on t h e  c o n t i n u e d  e x i s t e n c e  o f  
t h e  beach . On a  v i s i t  t o  Skye i n  A ugus t ,  1983, th e  Sandy b each  a t  G len  
B r i t t l e  on t h e  W e s t  s i d e  o f  t h e  i s l a n d ,  was o b s e r v e d  t o  s u p p o r t  a  
l a r g e  p o p u l a t i o n  o f  T. s a l t a t o r . On a  r e t u r n  v i s i t  e x a c t l y  tw o  y e a r s  
l a t e r ,  i t  w as f o u n d  t h a t  t h e  s a n d y  b e a c h ,  p r e s u m a b l y  a f t e r  s t o r m  
d a m a g e ,  h a d  b e e n  s u p e r c e d e d  by a  c o a r s e  g r a d e ,  b o u l d e r  b e a c h .  
S andhoppers  w ere  n o t i c e a b l e  by t h e i r  a b se n c e ,  a l th o u g h  0^  g a m m a re l lu s  
was p r e s e n t  a t  H.W.M.
The  b i o l o g y  an d  h a b i t s  o f  T a l i t r u s  s a l t a t o r  a r e  c o n s i d e r a b l y  
b e t t e r  docum ented  th a n  any o f  t h e  o t h e r  s p e c i e s  p r e s e n t l y  c o n s id e r e d  
(R o b e rtso n ,  1886, 1888; S a r s ,  1890; J a n c k e ,  1926; S c h e l l e n b e r g ,  1928; 
Verway, 1929; D ah l ,  1946; P a l l a u a l t ,  1954; Den H ar to g ,  1963) a s  i s  i t s  
e c o lo g y  and p h y s io lo g y  (W il l iam so n ,  1949a, 1951a,b , 1954; W i l l i a m s ,
1 978a ,b ,  1 9 8 0 a ,b ,c ,  1981, 1982a ,b ,  1983; A rdense, 1978, 1980; B ercken
e t  a l . , 1967; S t o r c h  and B u rk h a rd t ,  1984; B re g a z z i ,  1972; B re g a z z i  and 
N a y l o r ,  1972 ; a l s o  s e e  f i r s t  s e c t i o n  on 0 ^  g a m m a r e l l u s  an d  0 .
m e d i t e r r a n e a ) .
I n  g e n e r a l ,  t h e  e c o l o g y  o f  T a l o r c h e s t i a  d e s h a y e s i i  (A u d o u in ,  
1826) i s  s i m i l a r  t o  t h a t  o f  ^  s a l t a t o r .  C onsequen tly  th e y  a r e  o f t e n
f o u n d  on t h e  sa m e  b e a c h ,  a s  i s  t h e  c a s e  on t h e  I s l e  o f  C u m b rae  an d
o t h e r  S c o t t i s h  l o c a l i t i e s  (Fig. 2 .6d), Dahl (1946), how ever , found  t h a t  
T. d e s h a y e s i i  p r e f e r r e d  much f i n e r  s a n d  when c o m p a r e d  w i t h  T. 
s a l t a t o r . R e id  (1947) fo u n d  t h a t  T. d e s h a y e s i i  e x t e n d e d  f u r t h e r  u p -
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s h o re  th a n  s a l t a t o r , so  t h a t  i t  was p o s s i b l e  t o  f i n d  T a l o r c h e s t i a , 
"under s to n e s  h ig h  enough above H.W.M. t o  be s h a r in g  i t s  h a b i t a t  w i th  
w o o d  i c e  an d  e a r t h w o r m s . "  On t h e  c o n t i n e n t ,  T. d e s h a y e s i i  i s  a c t i v e  
f rom  th e  end o f  M arch t o  t h e  b e g in n in g  o f  November (Den H a r to g ,  1963). 
P e r s o n a l  o b s e r v a t i o n s  on t h e  I s l e  o f  Cumbrae i n  g e n e r a l  s u p p o r t  t h i s  
f i n d i n g .
W hile  t h e  f e m a le  s u p e r f i c i a l l y  r e s e m b le s  ^  s a l t a t o r , t h e  secona  
gna thopod  i n  m ale  T a l o r c h e s t i a  d e s h a y e s i i  i s  s t r o n g l y  s u b - c h e l a t e ,  th e  
s p e c i e s  b e in g  m a rk e d ly  s e x u a l l y  d im o rp h ic .  T a l o r c h e s t i a  d e s h a y e s i i  i s  
n o r m a l l y  s m a l l e r  t h a n  T. s a l t a t o r , and  i s  s a n d  c o l o u r e d  w i t h  d a r k  
brown b roken  s t r i p e s  on th e  d o r s a l  s u r f a c e .  A f u l l  d e s c r i p t i o n  o f  i t s  
b u r r o w i n g  h a b i t s  J s  - g i v e n  by R e id  (1938 ).  Some o t h e r  l i t e r a t u r e  on  
i t s  g e n e r a l  h a b i t s  and  e c o lo g y  does  e x i s t  b u t  i n f o r m a t io n  i s  somewhat 
i n c o m p l e t e  ( B a te  a n d  W e stw o o d ,  1 863 ;  D a h l ,  1946 ;  R e i d ,  1 9 2 9 ,  1947 ; 
Den H a r to g ,  1963; K a r lb r i n k ,  1969; L o u is ,  1980). W ith  t h e  e x c e p t io n  o f  
b u t  f o u r  p a p e r s  (M a rc h io n n i ,  1963; P a r d i  and G r a s s i ,  1955; W il l ia m s o n ,  
1 9 5 1 a ;  W i l l i a m s ,  1 9 8 2 b ) ,  t h e  s p e c i e s '  p h y s i o l o g y  i s  t o t a l l y  
unexam ined.
P s e u d o r c h e s t o i d e a  b r i t o , B o u s f i e l d ,  1982 (= T a l o r c h e s t i a  b r i t o  
S tebb ing )  was n o t  exam ined  d u r in g  t h e  p r e s e n t  s tu d y .  What i s  known 
o f  i t s  b io lo g y  i s  g iv e n  by Vader (1968, 1970).
2.5 TALQRCHESTIA SP. A 
I n d i v i d u a l s  o f  T a l o r c h e s t i a  s p .  A., u s e d  i n  t h e  g i l l  a r e a  
a n a l y s i s  (C hap ter  4) w ere  c o l l e c t e d  from  McFaddin beach ,  15 m i l e s  w e s t  
o f  t h e  S a b i n e  P a s s  a n d  35 m i l e s  f ro m  P o r t  A r t h u r ,  T e x a s ,  U.S.A. The 
a n im a ls  w ere  m o d e r a te l y  common a t  H.W.M., b e n e a th  r o t t i n g  seaw eed on 
f i n e  g r a i n e d  s a n d y  b e a c h e s .  The a n i m a l s  w e re  k i n d l y  c o l l e c t e d  on 
2 5 .8 .8 4  b y  Mr A. F o r d  a n d  Mr a n d  M rs  C h a r l e s  E l l i o t .  T h e  a i r
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t e m p e r a t u r e  a t  t h e  t i m e  w as  bS^F and  t h e  r e l a t i v e  h u m i d i t y  w as  95%. 
The a n im a ls  when d i s t u r b e d ,  w ere  a b le  t o  jump U.3 -  1.2m i n t o  t h e  a i r  
and  w ere  c a p tu r e d  by " s w a t t in g "  t h e  a n im a ls  in  m i d - a i r  and  c o l l e c t i n g  
them  by hand when th e y  f e ig n e d  d e a th  (A. Ford, p e r s .  comm.).
E x a m i n a t i o n  by Dr. P.G. M oore  an d  m y s e l f  v e r i f i e d  t h a t  t h e  
a n im a ls  be longed  t o  t h e  genus  T a l o r c h e s t i a ;  th e  e x a c t  s p e c i e s  how ever, 
w as  u n c e r t a i n .  Dr. E. L a s h l e y  on b e h a l f  o f  Dr. E.L. B o u s f i e l d  o f  t h e  
N a t i o n a l  Museum o f  N a t u r a l  S c i e n c e s ,  O t t a w a ,  C a n a d a ,  i n  a  p e r s o n a l  
c o m m u n i c a t i o n ,  s t a t e d  t h a t  he  had  n e a r l y  c o m p l e t e d  a  p a p e r  on 
sa n d h o p p e rs  o f  t h e  s o u t h e a s t e r n  and G u lf  c o a s t s  o f  t h e  U n i te d  S t a t e s ,  
c o n t a i n i n g  s e v e r a l  new s p e c i e s  w h ic h  p r e v i o u s l y  w o u ld  h a v e  b e e n  
i n c l u d e d  i n  t h e  g e n u s  T a l o r c h e s t i a . H ow ever ,  a s  t h e s e  l a r g e ,  h e a v y  
b o d ie d  b o r e a l  and V i r g i n i a n  A m erican  A t l a n t i c  s p e c i e s  a r e  n e a r ly  a s  
d i f f e r e n t  from  th e  t r u e  T a l o r c h e s t i a  a s  a r e  members o f  t h e  c o u n t e r p a r t  
P a c i f i c  c o a s t  g e n u s  M e g a l o r c h e s t i a  (B ran d t)  f ro m  t h e  m ore  warm 
te m p e r a t e  and t r o p i c a l  P s e u d o r c h e s t o i d e a  ( B o u s f i e l d ) ,  B o u s f i e l d  and  
h i s  c o - w o r k e r s  h a v e  f e l t  i t  n e c e s s a r y  t o  e r e c t  a  new g e n u s  t o  
encom pass  them (O p h th a lm o r c h e s t i a ) . I t  i s  th u s  v e ry  l i k e l y ,  a l th o u g h  
n o t  c o n f i r m e d ,  t h a t  T a l o r c h e s t i a  s p .  A i s  i n  f a c t  O p h t h a lm o r  c h e s t  i a  
b a r  b a r  ae  n . s p .  ( B o u s f i e l d ) .
2.6 ARCITALITRUS DORRIENI 
The e u t e r r e s t r i a l  l a n d h o p p e r  A r c i t a l i t r u s  d o r r i e n i  w as f i r s t  
r e c o r d e d  i n  t h e  U n i te d  Kingdom from  o rn a m e n ta l  g a rd e n s  on t h e  I s l e s  o f  
S c i l l y  (Hunt, 1925). S in c e  th e n  i t  h a s  been re c o rd e d  f r e e - l i v i n g  from  
s e v e r a l  m i ld  t e m p e r a t e  s i t e s  i n  b o th  England and I r e l a n d  (R aw linson , 
1937 ;  I n g l e ,  1 958 ;  M u rp h y ,  1 9 7 3 ,  1974; R i c h a r d s o n ,  1 9 8 0 ) .  Dr. R .J .  
L i n c o l n  ( p e r s .  comm.) h a s  22 s p e c i m e n s  l o d g e d  i n  t h e  B r i t i s h  Museum 
(N at.  H i s t . )  by Mr. J .  R u n d le  f ro m  c o l l e c t i o n s  m ade by  a  N a t u r e
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C o n s e r v a n c y  C o u n c i l  s u r v e y  o f  C o lo n s a y  i n  J u n e ,  1 9 7 8 .  The p r e s e n t  
a u t h o r  an d  D r. P.G. M oore  on  a  v i s i t  t o  C o lo n s a y  ( 8 th  -  1 0 t h  May, 
1985), i n v e s t i g a t e d  65 s i t e s  encom pass ing  a  v a r i e t y  o f  m i c r o h a b i t a t s  
on b o th  C o lonsay  and a d j a c e n t  O ronsay , t o  b o th  c o n f i r m  t h e  r e c o r d  and 
d e t e r m i n e  t h e  p r e s e n t  d i s t r i b u t i o n  o f  t h i s  s p e c i e s .  A r c i t a l i t r u s  
d o r r i e n i  w as  f o u n d  t o  be  w i d e l y  d i s t r i b u t e d  on C o l o n s a y ,  among 
d e c id u o u s  l e a f  l i t t e r  i n  wooded a r e a s .  I t  a l s o  o c c u r r e d ,  how ever, i n  
b ra c k e n  l i t t e r  and  t o  a  l e s s e r  e x t e n t  on s c ru b  w a s te la n d .  T here  would 
a p p e a r  t o  be a  c l e a r  c o n c e n t r a t i o n  o f  la n d h o p p e rs  i n  t h e  l e a f  l i t t e r  
a c c u m u la t io n s  a d j a c e n t  t o  C olonsay  House -  p resum ed  t o  be t h e  o r i g i n a l  
l o c u s  o f  c o l o n i s a t i o n .  The s p e c i e s  w as a b s e n t  f ro m  n e a r b y  O r o n s a y ,  
p re su m a b ly  due t o  t h e  l a c k  o f  t r e e  cover  t h e r e .  A f u l l  a c c o u n t  o f  th e  
s t a t u s  o f  ^  d o r r  i e n i  on  C o l o n s a y  c a n  be  f o u n d  i n  M oore an d  S p i c e r  
(1986).
In  th e  S c i l l y  I s l e s ,  ^  d o r r i e n i  e x h i b i t e d  a  p r e f e r e n c e  fo r  t r e e -  
f e r n  l i t t e r  (D i c k s o n i a  a n t a r c t i c a ) ( R i c h a r d s o n ,  1 9 8 0 ) ,  a  p l a n t  t h a t  
w a s  a l s o  i n t r o d u c e d  i n t o  C o lo n s a y  i n  t h e  l a s t  c e n t u r y  (Moore and  
S p i c e r ,  1 9 8 6 ) .  I t  w as  c o n c e i v a b l e  t h e r e f o r e  t h a t  p o p u l a t i o n s  o f  
l a n d h o p p e r 3 e x i s t e d  a t  o t h e r  S c o t t i s h  l o c a t i o n s ,  m i l d  e n o u g h  t o  
s u p p o r t  t h i s  s u b - t r o p i c a l  p l a n t .  Two s p e c i e s  o f  t r e e  f e r n ,  D ic k so n ia  
a n t a r c t i c a  and D^ s q u a r r o s a  o ccu r  i n  th e  g ro u n d s  o f  In v e r  ewe g a rd e n s  
i n  t h e  n o r t h - w e s t  c o r n e r  o f  t h e  H i g h l a n d s  (F ig .  2 .1 0 ) .  An e x t e n s i v e  
s e a r c h  o f  l e a f  l i t t e r  a c c u m u la t io n s  a t  In v e re w e ,  p a r t i c u l a r l y  a round 
t h e s e  f e r n s  a n d  o t h e r  p l a n t s  n a t i v e  t o  A u s t r a l i a  a n d  New Z e a la n d  
( i n c l u d i n g  E u c a l y p t u s  c o c c i f e r a , E. pa  uc i f  l o r  a  and E. d a l r y m p le a n a ) , 
how ever, f a i l e d  t o  r e v e a l  any  lan d h o p p e rs .  These t r e e  f e r n s  a r e  a l s o  
t o  be fo u n d  i n  t h e  B o t a n i c  G a r d e n s ,  G la s g o w . The c l o s e l y  r e l a t e d  
T a l i t r o i d e s  a l l u a u d i  h a s  been  r e p o r t e d  from  t h e s e  g a rd e n s  i n  t h e  p a s t  
(Palmen, 1949). E x te n s iv e  i n v e s t i g a t i o n  o f  th e  a r e a s  s u r ro u n d in g  th e  
A u s t r a l i a n  and New Z ea land  p l a n t s  in  th e  Glasgow h o t  h o u s e s ,  how ever,
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FIG, 2.10 D ix o n ia  a n t a r t i c a .  In v e re w e  g a rd e n s .
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a l s o  f a i l e d  t o  r e v e a l  any  am phipods. At p r e s e n t  t h e n ,  C o lonsay  would 
seem  t o  be t h e  o n l y  S c o t t i s h  l o c a l i t y  now s u p p o r t i n g  a  t e r r e s t r i a l  
amphipod fau n a .
A n im als  u s e d  i n  t h e  r e s p i r a t i o n  and g i l l  s t u d i e s  (C h a p te rs  3 and 
4) w e r e  c o l l e c t e d  f r o m  s y c a m o r e  l e a f  l i t t e r  a c c u m u l a t i o n s  i n  t h e  
g ro u n d s  o f  C o lo n sa y  House (O.S. NR 394971) . They w ere  r e t u r n e d  t o  th e  
l a b o r a t o r y  on t h e  day  o f  c a p t u r e ,  in  a  l a r g e  p l a s t i c  bag c o n ta i n in g  
b o t h  e a r t n  a n d  l e a f  l i t t e r .  To e x t r a c t  l i v i n g  A. d o r r  i e n i  f ro m  t h e  
l e a f  l i t t e r  a  f l o o d i n g  t e c h n iq u e  was employed ( C i a v a t t i ,  1983) I t  has  
p r e v i o u s ly  b e e n  r e p o r t e d  t h a t  t h e s e  a n im a ls  a r e  v e ry  s u s c e p t i b l e  t o  
" d ro w n in g "  (D u n can ,  1 9 b 9 ) .  H o w e v er ,  up t o  48 h o u r s  a f t e r  t o t a l  
i n u n d a t io n  o f  t h e  l e a f  l i t t e r ,  a n im a ls  cou ld  be s e e n  w a lk in g  on d e b r i s  
j u s t  below th e  w a te r  s u r f a c e .  When a number o f  i n d i v i d u a l s  w ere  p l a c e d  
i n  a  beaker  o f  f r e s h  (tap) w a te r ,  th e y  were se en  t o  w alk  from  one w a l l  
o f  t h e  c o n t a i n e r  t o  a n o t h e r  w i t h o u t  t o o  much s i g n  o f  s t r e s s .  When 
d i s t u r b e d ,  how ever ,  t h i s  amphipod a i d  appear t o  be i n c a p a b le  o f  any 
swimming m ovem ents w h a ts o e v e r .  I n  f a c t ,  when a n im a ls  c r a w l in g  on to p  
o f  i n u n d a t e d  l e a f  l i t t e r  w e r e  s t a r t l e d ,  t h e y  r e a d i l y  s u b m e r g e d  
t h e m s e l v e s  by c r a w l i n g  t o  t h e  l o w e r  r e a c h e s  o f  t h e  c o n t a i n e r .  When 
f o r c i b l y  subm erged  th o u g h ,  t h e  m o r t a l i t y  r a t e  o f  ^  d o r r  i e n i  was v e ry  
h ig h .
Arcitalitrus dorrieni is more brittle than its supralittoral zone 
counterparts. During handling, it was not unusual to break one or more 
peraeopods or an antenna. The integument of ^  dorr ieni thus resembles 
more closely the heavily calcified marine amphipods rather than its 
supralittoral talitrid relatives, eg, Qrchestia or Talitrus.
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CHAPTER THREE
RESPIRATION IN AIR AND WATER OF SELECTED TALITRID SPECIES.*
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3.1 INTRODUCTION
The a b i l i t y  o f  i n t e r t i d a l  i n v e r t e b r a t e s  t o  r e s p i r e  i n  b o t h  a i r  
and w a te r  i s  w e l l  docum ented  (see  N ew ell ,  1973, 1979 f o r  r e v ie w s ) .  The 
a e r i a l  a n d  a q u a t i c  o x y g e n  c o n s u m p t io n  r a t e s  o f  v a r i o u s  i n t e r t i d a l  
g a s t r o p o d s  h a v e  b e e n  s t u d i e d  e x t e n s i v e l y  i n  r e l a t i o n  t o  t h e i r  
e c o l o g i c a l  o i s t r i b u t i o n  on t h e  s h o r e  (D a v ie s ,  1 966 ;  M i c a l l e f ,  1967 ; 
McMahon and R u s s e l l - H u n t e r ,  1977; H ou lihan , 1979; I n n e s  e t  1984).
I n  many c a s e s ,  t h e  a e r i a l / a q u a t i c  o x y g e n  c o n s u m p t i o n  r a t i o  f o r  a  
p a r t i c u l a r  s p e c i e s  i n c r e a s e s  w i th  th e  deg ree  o f  e m e r s io n  and t h e r e f o r e  
c a n  be  c o r r e l a t e d  w i t h  t h e  a n i m a l s  v e r t i c a l  z o n a t i o n  on  t h e  s h o r e  
(H oulihan and  I n n e s ,  1982).
Similar trends have been found in a recent study on three 
decapod crustacean species representing aquatic, semi- and fully 
terrestrial habitats (O'Mahoney and Full, 1 9 84 ) .  Houlihan and Innes 
(1984) have also shown that this pattern of aerial/aquatic oxygen 
consumption is similar in both active and inactive decapods.
L i t t l e  a t t e n t i o n  h a s  b e e n  p a i d  t o  t h i s  a s p e c t  o f  t h e  
e c o p h y s io lo g y  o f  t a l i t r i d  am phipods. They a r e  o f  s p e c i a l  i n t e r e s t  a s  
p re su m a b ly  th e y  r e l y  on th e  same r e s p i r a t o r y  s t r u c t u r e ,  t h e  g i l l ,  i n  
b o t h  m e d i a .  R e c e n t  s t u d i e s  h a v e  show n t h a t  tw o  s e m i - t e r r e s t r i a l  
b e a c h f l e a s ,  T r a n s o r c h e s t i a  c h i l i e n s i s  and C h r o e s t i a  l o t a  can  m a in ta in  
t h e i r  a e r i a l  o x y g e n  c o n s u m p t io n  r a t e s  when s u b m e r g e a i  I v l e v  and  
S u s c h e n y a  ( 1 9 6 1 ) ,  h o w e v e r ,  fo u n d  t h a t  a l t h o u g h  o x y g e n  c o n s u m p t io n  
r a t e s  i n  a i r  and w a te r  were s i m i l a r  f o r  s u b t i d a l  Gammarus l o c u s t a , i n  
t h e  s e m i - t e r r e s t r i a l  Or c h e s t  i a  c av im ana , a e r i a l  r e s p i r a t i o n  was t h r e e  
t i m e s  t h e  a q u a t i c  r a t e .  M ost  o t h e r  s t u d i e s  on t a l i t r i d  r e s p i r a t i o n ,
* Much of this chapter is embodied in a paper by Spicer and Taylor, accepted 
for publication by exp. mar. Biol. Ecol.
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h a v e  b e e n  c o n c e r n e d  p r i m a r i l y  w i t h  a e r i a l  o x y g e n  c o n s u m p t io n  a s  
r e l a t e d  t o  e n e rg y  b u d g e ts  (C lark ,  1955; R ic h a rd so n  and M orton, 1986), 
t h e  e f f e c t s  o f  s e a s o n  and  l a t i t u d e  (E d w a rd s  a n d  I r v i n g ,  1 9 4 3 ;  
V e n a b l e s ,1 9 8 1 a ,c ;V a n  S e n u s ,1 9 8 5 )  a n d  t h e  d e m o n s t r a t i o n  o f  c i r c a d i a n  
r h y t h m s  i n  o x y g e n  c o n s u m p t io n  ( W i l l i a m s ,  1 9 8 1 ,  1 9 8 2 a ;  M oore a n d  
F r a n c i s ,  p e r s . c o m m .) .  T h e r e  a r e  h o w e v e r ,  tw o  p a p e r s  c o n c e r n i n g  t h e  
e f f e c t  o f  h y p o x ia  on 0^ m e d i t e r r a n e a  under a q u a t i c  c o n d i t i o n s  (W alshe- 
M aetz , 1952, 1956).
I n  t h e  p r e s e n t  s tu d y ,  t h e  a e r i a l  and a q u a t i c  oxygen c o n sum ption  
o f  O r c h e s t i a  m e d i t e r r a n e a , 0 .  g a m m a r e l l u s , Q. c a v i m a n a  a n d  
A r c i t a l i t r u s  d o r r i e n i , s p e c i e s  o f  d i f f e r i n g  d e g r e e s  o f  t e r r e s t r i a l  
a d a p t a t i o n  w e re  exam ined  ove r  t h e  e c o l o g i c a l l y  r e a l i s t i c  t e m p e r a tu r e  
r a n g e  5 t o  30^C . A l s o  i n c l u d e d  i n  t h i s  c h a p t e r  a r e  t h e  r e s u l t s  o f  a  
s h o r t  e x p e r i m e n t  t o  a s s e s s  t h e  t o l e r a n c e  t o  s u b m e r s i o n  o f  e a c h  
s p e c i e s .
P r e l i m i n a r y  i n v e s t i g a t i o n  o f  a e r i a l  o x y g e n  c o n s u m p t io n  i n  
O r c h e s t i a  g a m m a re l lu s  w i th  and w i t h o u t  g i l l s  was a l s o  a t te m p te d .  I t  
was hoped t h a t  d a t a  o b ta in e d  from  such  an e x p e r im e n t  would be h e l p f u l  
i n  e l u c i d a t i n g  t h e  r o l e  o f  t h e  g i l l s  i n  o x y g e n  u p t a k e  and  w o u ld  
i d e n t i f y ,  i n  a  m o re  q u a n t i t a t i v e  f a s h i o n ,  t h e  p o s s i b i l i t y  o f  
e x t r a b r a n c h i a l  r o u t e s  o f  oxygen exchange.
3 .2  MATERIALS AND METHODS
3 . 2 . 1  A nim als
O r c h e s t i a  g a m m a re l lu s  and O^ m e d i t e r r a n e a  w ere  c o l l e c t e d  by hand 
f ro m  b e n e a t h  s t o n e s  an d  a m o n g s t  t h e  w ra c k  b e d s  a t  an d  b e lo w  H.W.M. 
(H.W.M.) a t  F a r  l a n d  B i g h t  on t h e  I s l e  o f  C um brae  (O.S. G r id  R e f .  NS 17 
3 2 4 4 1 2 ) .  O r c h e s t i a  c a v im a n a  w as  c o l l e c t e d  f ro m  H.W.M. on t h e  R i v e r
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T ham es  a t  I s l e w o r t h  A i t  (O .S .G rid .  R e f .  TQ 167 761) and  A r c i t a l i t r u s  
d o r r i e n i  f r o m  S y c a m o re  l e a f  l i t t e r  on  t h e  i s l a n d  o f C o l o n s a y ,  i n n e r  
H e b r i d e s  ( s e e  c h a p t e r  2 f o r  m ore  d e t a i l s  on  0 ^  c a v im a n a  and  A. 
d o r r i e n i  c o l l e c t i o n  s i t e s ) .  A l l  a n i m a l s  w e re  b r o u g h t  b a c k  t o  t h e  
l a b o r a t o r y  i n  l a r g e  p o l y t h e n e  b a g s  c o n t a i n i n g  t h e i r  n a t u r a l  
s u b s t r a tu m .  A n im a ls  w ere  m a in ta in e d  in  a  c o n s t a n t  t e m p e r a tu r e  room a t  
10 + l^C  f o r  a  p e r i o d  o f  s i x  days .  During t h i s  t im e  th e y  e x p e r ie n c e d  a  
1 2 :1 2  LD r e g i m e .  A n im a l s  w e r e  f e d  on d e c a y i n g  s e a w e e d  o r  d e c i d u o u s  
l e a v e s  a s  a p p r o p r i a t e .  M e a s u r e m e n ts  o f  o x y g e n  c o n s u m p t i o n  w e r e  
c a r r i e d  \ar^ejnnale ammals - (l.O -  28.0 mg d r y  w e i g h ^ i t h  t h e
e x c e p t io n  o f  t h e  s m a l l e r  ^  d o r r i e n i , (w e igh t  r a n g e  0.3 and 8.0 mg d ry  
w t . ) . E ach  a n i m a l  w as u s e d  o n l y  o n c e .  O nly  a n i m a l s  c o r r e s p o n d i n g  t o  
i n t e r  m o u l t  C (C h a rn ia u x -C o tto n ,  l957) were used.
3.2.2 Im m e rs io n  t o l e r a n c e  e x p e r im e n t
F o r  t h e  t o l e r a n c e  e x p e r i m e n t s ,  amgdiipods w ere  s e p a r a te d  i n t o  
two l e n g t h  c a t e g o r i e s ;  g roup  A > 10mm body l e n g t h  and g roup  B < 10mm 
b ody  l e n g t h  ( m e a s u r e d  f ro m  t h e  t i p  o f  t h e  t e l s o n  t o  t h e  b a s i s  o f  t h e  
a n t e n n a ) .  A l l  A r c i t a l i t r u s  u s e d  b e lo n g e d  t o  g r o u p  gi. B o th  m a le s  an d  
( n o n - o v i g e r o u s )  f e m a l e s  w e r e  c o n s i d e r e d .  20 i n d i v i d u a l s  o f  e a c h  
s p e c i e s  ( w i th  t h e  e x c e p t io n  o f  0^ cavim ana w here n = 10) were exposed  
t o  hum id a e r i a l  c o n d i t i o n s  a t  10 and 20^C th ro u g h o u t  th e  e x p e r im e n t .  
The c o n t r o l  ch am b ers  were 100 ml g l a s s  c r y s t a l l i s i n g  d i s h e s ,  co v e re d  
w i th  a  p e r f o r a t e d  p l a s t i c  p e t r i  d i s h  l i d  (which p r e v e n te d  th e  a n im a ls  
e s c a p in g ) .  Each d i s h  c o n ta in e d  a  s h e e t  o f  fo ld e d  f i l t e r  p a p e r  soaked  
i n  s e a  w a t e r  (32%o) ( f o r  0 .  g a m m a r e l l u s  an d  0 . m e d i t e r r a n e a ) o r  t a p  
w a t e r  ( f o r  c a v im a n a  an d  ^  d o r r i e n i ) . 20 i n d i v i d u a l s  o f  e a c h  
s p e c i e s  w ere  a l s o  im m ersed i n  s e a  w a te r  o r  t a p  w a te r  (as a p p r o p r i a t e ) .  
The a n i m a l s  w e r e  p l a c e d  i n  c o v e r e d  100 ml c r y s t a l l i s i n g  d i s h e s  ( to  
p r e v e n t  e v a p o r a t i o n )  e a c h  c o n t a i n i n g  80 ml o f  c o n s t a n t l y  a e r a t e d
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w a t e r .  I n  b o t h  a e r i a l  a n d  a q u a t i c  e x p e r i m e n t s ,  t h e  d i s h e s  w e r e  
checked  r e g u l a r l y  and any m o r t a l i t i e s  n o ted . Both t h e  im m ers io n  medium 
and f i l t e r  p a p e r  w ere  r e p l a c e d  e v e ry  3 days and dead  a n im a ls  rem oved. 
A n im als  w ere  f e d  d u r in g  th e  e x p e r im e n t  w i th  f r e s h  w rack  o r  l e a f  l i t t e r  
a s  a p p r o p r i a t e .
3.2.3 A q u a t ic  oxygen  c o n su m p tio n
R a te s  o f  a q u a t i c  oxygen c o n su m p tio n  (10 -  3u*^C) w ere  m easu red  by 
e n c lo s in g  i n d i v i d u a l  a n im a ls  i n  d a r k e n e d  g l a s s  b o t t l e s  (Volume = 25 
ml) w i t h  g a u z e  l i d s .  A p i e c e  o f  l a r g e  m esh g a u z e  w as  i n s e r t e d  i n t o  
each  b o t t l e  t o  p r o v id e  a  s u b s t r a tu m  t o  which th e  a n im a ls  c o u ld  c l i n g .  
I t  was found  t h a t  p r o v id in g  su c h  a  s u b s t r a tu m  red u c e d  t h e i r  a c t i v i t y  
and e n s u re d  t h a t  t h e  m a j o r i t y  o f  r e a d in g s  o b ta in e d  w ere  f o r  i n a c t i v e  
a n i m a l s .  T he  b o t t l e s  w e re  s u b m e r g e d  i n  a  l a r g e  t a n k  o f  f i l t e r e d  
s e a w a t e r  ( s a l i n i t y  = 32%« ) i n  t h e  c a s e  o f  0^  g a m m a r e l l u s  an d  Q. 
m e d i t e r r a n e a  o r  f i l t e r e d  t a p w a t e r  i n  t h e  c a s e  o f  0 .  c a v im a n a  and  A. 
d o r r i e n i  (A. d o r r i e n i  was a l s o  t e s t e d  i n  30% s e a  w a te r ) .  The w a te r  i n  
t h e s e  t a n k s  was c o n s t a n t l y  a e r a t e d  and th e  a n im a ls  w ere  l e f t  f o r  3 h 
t o  a c c l i m a t i z e  t o  t h e  e x p e r i m e n t a l  c o n d i t i o n s .  The t e m p o r a r y  g a u z e  
l i d s  w ere  t h e n  c a r e f u l l y  r e p l a c e d  by s c re w - to p  l i d s  a f t e r  t h e  i n i t i a l  
P02 o f  t h e  w a te r  had been m easu red . T h is  was done by rem oving a  1 ml 
w a t e r  s a m p l e  f r o m  t h e  b o t t l e  a n d  i n j e c t i n g  i t  i n t o  a  t h e r m o s t a t t e d  
e l e c t r o d e  h o l d e r  ( a t  t h e  e x p e r i m e n t a l  t e m p e r a t u r e )  c o n t a i n i n g  a n  
o x y g e n  e l e c t r o d e  ( R a d io m e te r  E5U46) c o n n e c t e d  t o  an  o x y g e n  m e t e r  
( S t r a t h k e l v i n  I n s t r u m e n t s ,  G lasgow ). Three empty b o t t l e s  w ere  a l s o  r u n  
a s  c o n t r o l s  t o  e s t i m a t e  t h e  r a t e  o f  background r e s p i r a t i o n .  A t t h e  end 
o f  t h e  e x p e r i m e n t a l  p e r i o d  ( 1 - 3  h o u r s ) ,  e a c h  b o t t l e  w as  q u i c k l y  
i n v e r t e d  s e v e r a l  t i m e s  t o  e n s u r e  t h o r o u g h  m ix in g  an d  t h e  P02 o f  t h e  
w a te r  d e te r m in e d  a s  above. The r a t e  o f  oxygen d e p l e t i o n  i n  e a ch  b o t t l e  
w as  t h e n  c a l c u l a t e d .  To e n s u r e  t h a t  t h e  r a t e s  o f  o x y g e n  c o n s u m p t i o n
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w ere  u n a f f e c t e d  by h y p o x ia ,  t h e  oxygen t e n s io n  o f  t h e  w a te r  i n  w h ic h  
t h e  a n i m a l s  w e r e  k e p t  w as n e v e r  a l l o w e d  t o  f a l l  b e lo w  120 T o r r .  
F i n a l l y  t h e  a n i m a l s  w e re  r e m o v e d ,  k i l l e d  and  d r i e d  a t  60^C f o r  tw o  
d a y s  p r i o r  t o  w e ig h in g ,  t o  an  a c c u r a c y  o f  O.lmg, on a  M e t t l e r  Type H 
16 b a la n c e .
3.2.4 A e r i a l  oxygen  consum ption
R a te s  o f  a e r i a l  oxygen co n su m p tio n  a t  d i f f e r e n t  t e m p e r a t u r e s  ( 5 
-  35^C) w ere  m easu red  u s in g  a  G i l s o n  d i f f e r e n t i a l  r e s p i r o m e t e r .  Each 
r e s p i r a t i o n  f l a s k  (volume = 7 and 15 mis) c o n ta in e d  o n ly  one a n im a l ,  a  
f i l t e r  p a p e r  w ic k  s a t u r a t e d  i n  10% KOH s o l u t i o n  ( t o  a b s o r b  C a r b o n  
d i o x i d e ) ,  a n d  a  s m a l l  p i e c e  o f  f i l t e r  p a p e r  p r e v i o u s l y  s o a k e d  i n  
f i l t e r e d  s e a w a te r  o r  t a p w a te r  a s  a p p r o p r i a t e .  T h is  was found to  re d u c e  
b o th  lo c o m o to r  a c t i v i t y  and th e  m o r t a l i t y  o f  th e  a n im a ls .  A n im als  w ere  
k e p t  f o r  12 h a t  t h e  e x p e r i m e n t a l  t e m p e r a t u r e  b e f o r e  r e c o r d i n g s  
commenced. R e s p i r a t i o n  r a t e s  w ere  m easured a t  e i t h e r  30 or 60 m in u te  
i n t e r v a l s j b v e r / a  5 -  6 h p e r i o d .  A t  t h e  end  o f  e a c h  e x p e r i m e n t  t h e  
a n im a ls  w ere  k i l l e d ,  d r i e d  and w eighed  a s  o u t l i n e d  above.
The r a t e s  o f  oxygen c o n su m p tio n  were e x p re s s e d  i n  m i c r o l i t r e s  p e r  
m i l l i g r a m  d r y  w e i g h t  p e r  h o u r ,  R^ ( | j l .0 2 .m g “ ^ .h ” ^ ) . The n o t a t i o n  
f o l l o w s  S u t c l i f f e  (1984). A l l  oxygen consum ption  d a t a  w ere  c o r r e c t e d  
f o r  S .T .P . a n d  r e g r e s s e d  on a  d o u b l e  lo g  p l o t  a g a i n s t  t h e  d r y  b o d y  
w e i g h t  o f  t h e  a n i m a l .  C o v a r i a n c e  a n a l y s i s  was u s e d  t o  c o m p a re  d a t a  
o b t a in e d  f o r  e a c h  s p e c i e s .
3.2.5 G i l l  e x c i s i o n
A l l  t h e  g i l l s  f ro m  30 m a le  O r c h e s t i a  g a m m a r e l l u s  w e re  r e m o v e d  
under  a  b i n o c u l a r  d i s s e c t i n g  m ic ro sc o p e  (xlO) u s in g  two p a i r s  o f  v e ry  
f i n e  f o r c e p s .  T h e re  were no a p p a r e n t  i l l - e f f e c t s  o f  t h e  o p e r a t i o n  and 
a l l  t h e  e x p e r i m e n t a l  a n im a ls  s u r v iv e d  th e  d u r a t i o n  o f  t h e  e x p e r im e n t  
(6 h . ,  100% R.H.). A e r i a l  o x y g e n  c o n s u m p t io n  o f  a n i m a l s  w i t h  e x c i s e d
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g i l l s  w as  m e a s u r e d  a s  o u t l i n e d  a b o v e .  F o r  e a c h  G i l s o n  " ru n "  (n = 12) 
a t  t e m p e r a t u r e s  b e t w e e n  10 a n d  20^C, 6 c o n t r o l  a n i m a l s  w i t h  i n t a c t  
g i l l s  w ere  a l s o  in c lu d e d .
3 .3  RESULTS
3.3.1 Im m e rs io n  t o l e r a n c e
I n  a l l  s p e c i e s  e x a m i n e d ,  l i t t l e  m o r t a l i t y  r e s u l t e d  f ro m  
c o n t a i n m e n t  i n  h u m id  a e r i a l  c o n d i t i o n s  a t  b o t h  e x p e r i m e n t a l  
t e m p e r a t u r e s  w i t h i n  b o th  s i z e  r a n g e s .  A l l  a n im a ls  w ere  m a in ta in e d  f o r  
a  p e r i o d  e x c e e d i n g  6 w e e k s  an d  w o u ld  p r o b a b l y  h a v e  s u r v i v e d  much 
l o n g e r  h a d  n o t  t h e  e x p e r i m e n t  b e e n  t e r m i n a t e d .  T a b l e  3 .1  sh o w s  t h e  
s u r v i v o r s h i p  o f  t h e  fo u r  s p e c i e s  when immersed. A l l  t h r e e  O r c h e s t r a  
s p e c i e s  w e r e  a b l e  t o  s u r v i v e  i m m e r s i o n  a t  b o t h  e x p e r i m e n t a l  
t e m p e r a t u r e s  a l m o s t  i n d e f i n i t e l y .  I n d e e d ,  0 ^  m e d i t e r r a n e a  w as  
m a in ta in e d  subm erged  i n  t h e  l a b o r a t o r y  f o r  a p e r io d  o f  9 m onths u n t i l  
t h e  a n i m a l s  e v e n t u a l l y  d i e d  d u e  t o  n e g l e c t .  I n  t h e  c a s e  o f  A. 
d o r r i e n i , h o w e v e r ,  t h e  a n i m a l s  w e r e  u n a b le  t o  t o l e r a t e  i m m e r s i o n  
s t r e s s  f o r  any  c o n s id e r a b l e  t im e .  A l l  a n im a ls  were dead  a f t e r  12 h a t  
20^C w i t h  50% s u r v i v o r s h i p  (LT^q) a t  a ro u n d  7 h r s .  S u r v i v o r s h i p  
i n c r e a s e d  w i t h  d e c r e a s i n g  t e m p e r a t u r e .  The s u r v i v a l  o f im m e r s e d  A. 
d o r r i e n i  w as  a l s o  g r e a t l y  e n h a n c e d  i f  p r o v i s i o n  w a s  m ade f o r  t h e  
a n im a ls  t o  l e a v e  th e  w a te r  p e r i o d i c a l l y .
3.3.2 W eigh t  e x p o n e n t
A l i n e a r  r e l a t i o n s h i p  b e tw e en  w e ig h t  s p e c i f i c  oxygen c o n su m p tio n ,  
(Rg) and body d r y  w e ig h t ,  (W) was o b ta in e d  when p l o t t e d  a f t e r  a  d o u b le  
l o g a r i t h m i c  t r a n s f o r m a t i o n  a n d  c o u l d  be d e s c r i b e d  by a  r e g r e s s i o n
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TABLE 3.1 T o le ra n c e  to  im m ers io n  in  w a te r  (0^ g a iu m a re l lu s  ana  
Q» r u e d i t e r r a n e a — s e a  w a te r  30 %© and cav im ana  ana  A. a o r r i e n i  
— t a p  w ater)D y fo u r  t a l i t r i d  s p e c i e s ,  Wumbers o r  s u r v i v o r s  w nere 
i n i t i a l  n = 2ü i n  e a c h  c a s e .
TEMPERATURE = lO^C
Time Uifluersed
s p e c i e s 3nr 6nr 9hr 12hr 1 day 7 d a y s 14 <
0 .  gaft t i ia re llus 20 20 20 20 20 20 19
U. m e o i t e r r a n e a 2U 20 20 20 20 19 19
0 .  cav i i ia n a 20 20 2o 2u 20 18 18
A. d o r r i e n i 2 0 18 17 9 0 - -
TEMPERATURE = 20
Tiiid lixfliiersea
s p e c i e s 3nr 6nr 9nr 12nr 1 day 7 day s 14 .
0 .  y a itu ra re liu s 20 20 20 20 19 19 17
Û. m e d i t e r r a n e a 2U 20 20 20 20 20 1 9
Ü. c a v ii ia n a 20 20 20 20 20 i9 lb
a .  d o r r i e n i 17 11 4 0 - - -
equation in the form
Log Rg = Log a  + b Log W 
w h e re  Log a  i s  a  c o n s t a n t  a n d  b  i s  t h e  r e g r e s s i o n  c o e f f i c i e n t .  A l l  
o f  t h e  r e g r e s s i o n  e q u a t i o n s  l i n k i n g  r a t e s  o f  oxygen c o n su m p tio n  and 
d r y  body w e ig h t  (Table  3.2) had s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n  
c o e f f i c i e n t s  w i t h  t h e  e x c e p t io n  o f  Oy g am m are l lu s  and 0^ m e d i t e r r a n e a  
a t  5^C. As i n  m o s t  o t h e r  c r u s t a c e a n s  ( N e w e l l ,  1 9 7 3 ,  1 9 7 9 ;  S u t c l i f f e ,  
1 9 8 4 ) ,  Rg d e c r e a s e s  w i t h  i n c r e a s i n g  body w e i g h t .  The  v a l u e  f o r  b a t  
lO^C w as  b e tw e e n  - 0 .4 7 8  and  - 0 .1 4 1  f o r  a l l  o f  t h e  t a l i t r i d  s p e c i e s  
e x a m i n e d  ( T a b l e  3 . 2 ) .  C o v a r i a n c e  a n a l y s i s  i n d i c a t e d  t h a t  t h e  
d i f f e r e n c e s  i n  t h e  v a lu e  o f  b b e tw een  th e  s p e c i e s  was n o t  s i g n i f i c a n t .  
The c o m b in e d  r e g r e s s i o n  c o e f f i c i e n t ,  b = - u .2 3 1  o f  t h e  t a l i t r i d  
s p e c i e s  s tu d i e d  i s  co m p a rab le  w i t h  t h e  s i m i l a r  f i g u r e s  o f  -0 .248 and -  
0.266 f o r  th e  f r e s h w a t e r  s p e c i e s  Gammarus p u lex  (lO^C) and G^ fo ssa ru m  
(12^C) r e s p e c t i v e l y  (Rumpus an d  K ennedy , 1974 ; P i e p e r ,  1978 b o t h  
q u o t e d  i n  S u t c l i f f e ,  1 9 8 4 )  a n d  - 0 . 2 7 1  f o r  t h e  i n t e r t i d a l  
Echinogam marus o b t u s a t a  (Agnew, 1985). The m easu rem en ts  p r e s e n t e d  i n  
t h i s  c h a p t e r  w e r e  m ade u n d e r  m i n i m a l  b u t  u n c o n t r o l l a b l e  l o c o m o t o r  
a c t i v i t y  and c o u ld  t h e r e f o r e  c o n s i d e r e d  a s  r e p r e s e n t i n g  t h e  a n i m a l s  
" r o u t i n e  m e t a b o l i c  r a t e " .
3 . 3 . 3  A e r i a l  and  a q u a t i c  oxygen c o n s u n p t io n  a t  10
I n  F i g u r e  3 .1 ,  t h e  r e g r e s s i o n  l i n e s  ( d e s c r i b e d  by t h e  e q u a t i o n s  
i n  T a b l e  3 .1) f o r  b o t h  a e r i a l  and  a q u a t i c  o x y g e n  c o n s u m p t i o n  a t  lO^C 
i n  0 ^  g a m m a r e l l u s  a n d  0 ^  m e d i t e r r a n e a  a r e  p l o t t e d  a g a i n s t  body  d r y  
w e i g h t .  C o v a r i a n c e  a n a l y s i s  sh o w ed  no s i g n i f i c a n t  d i f f e r e n c e  (P > 
0 .0 5 )  b e t w e e n  a e r i a l  a n d  a q u a t i c  Rg i n  0 ^  g a m m a r e l l u s . I n  O. 
m e d i t e r r a n e a  how ever ,  b o th  t h e  s lo p e  and e l e v a t i o n  o f  t h e  a e r i a l  and
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TABLE 3 .2  R e g r e s s i o n  c o n s t a n t s  t o r  l i n e s  o f  b e s t  f i t  o f  Rg (Y) 
on body d r y  w e ig h t  (X) i n  O r c h e s t i a  g a m m a re l lu s , 0^  m e d i t e r r a n e a , 
Oj_ cav im ana  and A r c i t a l i t r u s  d o r r i e n i  in  a i r  and w a te r :  e q u a t i o n  
i n  t h e  fo rm  l o g  Y = l o g  a  + b lo g  X, v a l u e s  o f  ' a '  a r e  l o g  
n u m b e r s .  V a l u e s  f o r  t h e  c o r r e l a t i o n  c o e f f i c i e n t  (r)  an d  t h e  
number o f  a n im a ls  u sed  (n) a r e  a l s o  g iven .
0 .  g a im a r e l lu s
a e r i a l a q u a t i c
T(^C) a b r n a b r n
5 0 .299 - 0 .8 4 9 0 .27 18 - - - -
10 0 .210 - 0 .3 6 7 0 .8 6 39 -0 .0 1 5 - 0 .1 4 7 0 .8 1 16
15 0 .358 - 0 .3 3 4 0 .79 40 0.341 -0 .3 2 0 0 .7 9 21
20 0 .332 —0.188 0 .6 9 32 0.436 - 0 .3 2 8 0 .8 6 18
25 0 .511 - 0 .2 5 4 0 .74 19 0.594 -0 .3 6 8 0 .9 3 17
30 0 .803 - 0 .4 7 2 0 .8 3 17 - - - -
0 .  m e d i te r r a n e a
a e r i a l a q u a t i c
>(0C) a b r n a b r n
5 0 .320 - 0 .9 9 1 2 .10 18 - - - -
10 0 .017 - 0 .2 4 0 0 .87 21 0.014 - 0 .1 4 1 0 .84 18
15 0 .387 - 0 .3 3 7 0 .8 0 27 0.320 - 0 .2 9 9 0 .8 6 17
20 0 .527 - 0 .3 8 0 0 .78 24 0.430 - 0 .3 1 0 0 .9 1 13
25 0 .630 - 0 .3 3 0 0.83 14 0.742 - 0 .4 2 7 0.90 17
30 0 .790 - 0 .4 7 8 0 .84 21 - - - -
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TABLE 3 .2  ( c o n t in u e d )
0 .  cavimana
a e r i a l a q u a t i c
C(°C) a b r n a b r n
10 0 .0 7 8 - 0 .2 4 0 0 .73 12 - 0 .2 1 4 - 0 .1 4 3 0 .7 9 12
15 0 .217 - 0 .1 2 4 0 .78 12 0 .204 - 0 .4 2 5 0 .82 11
20 0 .350 - 0 .1 1 7 0.79 11 0 .475 - 0 .4 5 1 0 .8 1 11
25 0 .5 0 4 - 0 .2 3 3 0 .84 12
A. d o r r i e n i
a e r i a l a q u a t i c
a b r n a b r n
10 0 .2 5 5 - 0 .2 4 3 0 .78 16 - 0 .2 0 3 - 0 .3 1 8 0 .78 20
15 0 .3 7 4 - 0 .2 5 5 0 .88 18 - - - -
20 0 .9 4 7 - 0 .5 7 6 0 .71 17 - 0 .0 2 3 - 0 .3 4 5 0 .88 11
25 0 .954 - 0 .5 3 7 0 .74 20 - - - -
30 0 .9 3 0 - 0 .5 7 0 0.78 17 — — — —
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FIG . 3 .1  The r e l a t i o n s h i p  b e tw e e n  w e i g h t  s p e c i f i c  o x y g e n  
c o n s u m p t i o n  i n  a i r  (A) a n d  w a t e r  (A) a t  lO^C a g a i n s t  d r y  b o d y  
w e ig h t  i n  0^  g a m m a re l lu s  (A) and m e d i t e r r a n e a  (B).
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a q u a t i c  r e g r e s s i o n  l i n e s  were s i g n i f i c a n t l y  d i f f e r e n t  from  one a n o th e r  
(Fg= 4 .79 ; d . f . =  1 ,3 5  P<0.05  : Fg= 48 .77 ; d . f . = l , 3 6  PC O .O l) .
S i m i l a r  p l o t s  o f  a e r i a l / a q u a t i c  oxygen c o n sum ption  ( r e g r e s s i o n  l i n e s  
d e s c r i b e d  by t h e  e q u a t i o n s  g iv e n  in  T ab le  3.1) f o r  0^  cav im ana  and ^  
d o r r i e n i  a r e  g i v e n  i n  F i g u r e  3 .2 .  I t  w as  show n  u s i n g  c o v a r i a n c e  
a n a l y s i s  t h a t  a l t h o u g h  t h e  s l o p e s  o f  t h e  a e r i a l  a n d  a q u a t i c  R f o r  
e a c h  s p e c i e s  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  t h e  e l e v a t i o n  d i d  
d i f f e r  s i g n i f i c a n t l y  (P <Ü.01). The r a t e  o f  o x y g e n  c o n s u m p t i o n  i n  
w a te r  f o r  b o th  s p e c i e s  was c o n s id e r a b ly  reduced  com pared  t o  th o s e  i n  
a i r .  C o v a r i a n c e  a n a l y s i s  i n d i c a t e d  t h a t  t h e r e  w a s  no s i g n i f i c a n t  
d i f f e r e n c e  b e t w e e n  t h e  s l o p e s  o f  t h e  l i n e s  d e s c r i b i n g  a e r i a l  
(C om bined  r e g r e s s i o n  c o e f f i e n t  = -0 .3 1 5 )  w i t h  t h e  e x c e p t i o n  o f  Q. 
m e d i t e r r a n e a  ( O .g /O .m ., F ^ ( l , 5 ô )  = I d . 184 ; P < 0 .0 1 ;  A .d ./O .m .,  
F g ( l , 3 4 )  = 6 .1 6 ;  P < 0 .05 :  O .c /O .m ., F ^ ( l , 3 5 )  = 1 3 .5 5 ;  P < 0 .01  ) an d  
h i. d o r r i e n i  (A .d . /O .g . ,  F ^ ( l , 5 3 )  = 9 .1 3 ;  P < 0 .0 1 ) .  I n  f a c t ,  t h e  
a q u a t i c  R^ o f  0 ^  m e d i t e r r a n e a  w as s i m i l a r  t o  t h e  a e r i a l  Rg o f  t h e  
o t h e r  s p e c i e s  s t u a i e d .  An i n t r a s p e c i f i c  c o m p a r i s o n  o f  t h e  
a e r i a l / a q u a t i c  Rg f o r  e a c h  o f  t h e  s p e c i e s  s h o w e d  t h a t ,  w i t h  t h e  
e x c e p t io n  o f  0^  g a m m a re l lu s , R^ i n  w a te r  was s i g n i f i c a n t l y  d i f f e r e n t  
f ro m  Rg i n  a i r  (P < 0 .0 1 ) .
3.3.4 E f f e c t  o f  t e m p e r a t u r e  on Rg
Rg v a l u e s  f o r  ' s t a n d a r d '  5mg and  20mg a n i m a l s  o f  e a c h  s p e c i e s  
w e re  c a l c u l a t e d  f ro m  t h e  r e g r e s s i o n  e q u a t i o n s  i n  T a b l e  3 .2 .  The 
r e l a t i o n s h i p s  b e tw e e n  t h e  r a t e s  o f  a e r i a l  a n d  a q u a t i c  o x y g e n  
c o n su m p tio n  and t e m p e r a tu r e  f o r  a l l  f o u r  s p e c i e s  a r e  i l l u s t r a t e d  i n  
F ig u re  3.3. I n  b o th  a i r  and w a te r ,  R^ th e  s p e c i e s  s t u d i e d  was
temperature dependant. There w as  very little difference in aerial 
oxygen consumption rates between the Orchestia spp.
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FIG . 3 .2  The  r e l a t i o n s h i p  b e t w e e n  w e i g h t  s p e c i f i c  o x y g e n  
c o n s u m p t i o n  i n  a i r  (A) and  w a t e r  (A) a t  lO^C a g a i n s t  d r y  b o d y  
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FIG. 3.3  The r e l a t i o n s h i p  b e tw e en  oxygen co n su m p tio n  i n  a i r  (open 
s y m b o ls )  an d  w a t e r  ( c l o s e d  s y m b o ls )  (Y) an d  t e m p e r a t u r e  (X). 
O xygen  c o n s u m p t io n  r a t e s  f o r  s t a n d a r d  a n im a ls  w e re  c a l c u l a t e d  
f ro m  r e g r e s s i o n  e q u a t i o n s  i n  T a b le  3 .2 . s q u a r e s  = 20rag d r y  b o d y  
w e ig h t;  t r i a n g l e s  = 5mg d ry  body w e ig h t.
Ac C_j_ granmiarellus 
C_j_ m ed iterran ea  
C. Cj^  cavim ana















TABLE 3 .3  v a l u e s  f o r  0 . g a m m a r e l lu s , 0 . m e d i t e r r a n e a n Q.
c a v im a n a  a n d  A r c i t a l i t r u s  d o r r i e n i  ( a c c l i m a t e d  t o  lO^C) i n  a i r  
and  w a te r .
Rs a e r i a l  Rs a q u a t i c
S p e c ie s
O r c h e s t ia
g am m arellu s
O r c h e s t ia
Teitç> (°C) 5rag 20mg 5mg 20mg
5-10 3 .97 1 3 .0 — —
10-15 2 .21 2 .31 2 .96 1 .8 8
15-20 1 .4 2 2 .1 1 1 .51 1 .4 2
20-25 1 .85 1 .55 1 .80 1 .6 9
25-30 1 .89 1 .0 2 - -
5-10 3 .85 22 .00 — —
i 10-15 3 .00 3 .59 1 .9 6 1 .9 6
15-20 1 .65 1 .13 2 .03 2 .0 9
20-25 1 .4 3 1 .26 2 .87 2 .0 9
25-30 1.57 1 .36 - -
O r c h e s t ia
cavim ana
d o r r i e n i
10-15 1 .5 9 2 .28 2 .78 1 .2 7
15-20 3 .28 2 .24 3 .17 3 .0 2
20-25 1 .3 9 1 .4 8 — —
10-15 2 .01 1 .94
15-20 2 .0 0 2 .0 0 1 .56* 1 .9 2 *
20-25 1 .30 1 .1 8
* A. d o r r i e n i ,  a q u a t i c  r e s p i r a t i o n :  te m p e ra tu re  ra n g e  = 10 -20^0
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In  O r c h e s t i a  m e d i te r r a n e a  th e  r a t e s  o f  a q u a t i c  oxygen c o n su m p tio n  
w ere  g r e a t e r  th a n  a e r i a l  r a t e s  o v e r th e  te m p e ra tu re  ran g e  10 -  20 
a lth o u g h  t h i s  f e a t u r e  w as n o t  so  pronounced in  th e  5 mg a n im a ls . T h e re  
w as no d i f f e r e n c e  i n  t h e  r a t e  o f  a e r i a l  o x y g e n  c o n s u m p t io n  w hen 
m e a s u re d  a t  25 and  30*^0. H o w e v er, none o f  t h e  s p e c i e s  e x a m in e d  
i n c l u d i n g  0 ^  m e d i t e r r a n e a  w as a b l e  t o  m a i n t a i n  an  a q u a t i c  r a t e  o f  
oxygen c o n su m p tio n  a t  th e s e  e le v a te d  te m p e ra tu re s  and th e  m o r t a l i t y  
r a t e  w as o b s e r v e d  t o  b e  h ig h .  I n  0 . g a m m a r e l lu s , a e r i a l  a n d  a q u a t i c  
r a t e s  o f  oxygen co n su m p tio n  w ere  s im i la r  over th e  ran g e  10 -  20^C, b u t  
at25^C  th e  a e r i a l ; a q u a t i c  r a t i o  in c re a s e d  m arked ly  from  1 to  1 .65 . A t 
t e m p e r a t u r e s  h i g h e r  t h a n  25® c, t h e  r a t e  o f  o x g e n  c o n s u m p t io n  o f  O. 
m e d i te r ra n e a  in  a i r  d o e s  n o t  in c r e a s e  m arked ly . For 0^ cav im ana  and A. 
d o r r i e n i , b e tw e en  10 and 30^C, th e  a e r i a l  r a t e s  o f  oxygen c o n su m p tio n  
w e re  s i m i l a r t o  t h a t  o f  0 . g a m m a r e l lu s . The r a t e s  o f  a q u a t i c  o x y g e n  
co n su m p tio n , how ever, re m a in  c o n s i s t e n t ly  low , w i th  n e i t h e r  s p e c ie s  
a b le  to  w i th s ta n d  w a te r  te m p e ra tu re s  in  e x c e ss  o f  25^C.
T he t e m p e r a t u r e  c o e f f i c i e n t ,  w as c a l c u l a t e d  f o r  e a c h  5^C 
i n t e r v a l  b e tw e e n  10 a n d  30^C i n  a l l  o f  t h e  s p e c i e s  (T a b le  3 .3 ) .  T he 
Qj_q v a r i e d  i n v e r s e ly  w ith  te m p e ra tu re  in  a l l  o f  th e  s p e c ie s  w i th in  
th e  te m p e ra tu re  ran g e  s tu d ie d .
3 .3 .5  G i l l  e x c is io n
F ig u re  3.4 show s th e  a e r i a l  and a q u a tic  oxygen co n su m p tio n  r a t e s  
o f  a  s t a n d a r d  20mg 0 .  g a m m a r e l lu s  w i th  and  w i t h o u t  g i l l s ,  o v e r  t h e  
t e m p e r a t u r e  r a n g e  10 -  20^C . A l th o u g h  a t  lO^C t h e  g ro u p  w i t h  t h e i r  
g i l l s  e x c i s e d  h a d  a  lo w e r  Rg th a n  th e  c o n t r o l  a n im a l s  (12% ), t h e  
d i f f e r e n c e  w as n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  P = 0.05. M ost a n im a ls  
w e re  a b l e  t o  s u r v i v e  w i t h o u t  t h e i r  g i l l s  f o r  a s  lo n g  a s  d i d  t h e  
c o n t r o l s .  A t te m p e ra tu re s  g r e a t e r  th an  15^C, ho w ev er, a n im a ls  w i th o u t
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F ig .  3 .4  The r e l a t i o n s h i p  b e tw e e n  o x y g e n  c o n s u m p t io n  i n  a i r  (o p en  
sym bols) and  w a te r  (c lo se d  sym bols) (Y) and te m p e ra tu re  (x) o f  0 . 
g a m m a re llu s  w i th  ( t r i a n g le s )  and  w i th o u t  (sq u ares) g i l l s .  Oxygen 
c o n s u m p t io n  r a t e s  w e re  c a l c u l a t e d  f o r  a  20 mg d r y  b o d y  w e i g h t ,  
s ta n d a r d  a n im a l  fro m  th e  fo l lo w in g  r e g r e s s io n  e q u a t io n s .
a e r i a l / w i t h  g i l l s 10 Y = -0 .27X  + 0 .0 7
15^C Y = -0.24X  + 0 .1 6
20 Y = -0 .23X  + 0 .3 1
a e r i a l / w i t h o u t  g i l l s lO^C Y = -0.38X  + 0 .0 1
15^C Y = -0 .06X  + 0 .0 5
20°C Y = -0 .22X  + 0 .2 7
a q u a t i c /w i th  g i l l s lO^C Y = -0 .17X  -  0 .1 8
15^C Y = -0.18X  + 0 .0 6
20 Y = -0 .27X  + 0 .3 1
a q u a t i c /w i th o u t  g i l l s lO^C Y = -0 .22X  -  0 .1 3
15^0 Y = -0 .13X  -  0 .1 0
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g i l l s  had  a  s i g n i f i c a n t l y  lo w e r  a q u a t ic  Rg th a n  c o n t r o l  a n im a ls  and 
w ere  u n a b le  to  s u rv iv e  p ro lo n g e d  e x p o su re  to  w a te r  te m p e ra tu re s  in  
e x c e s s  o f  2Ü^C,
3 .4  DISCUSSION
3 .4 .1  E f f e c t  o f  Im m ersion on  Oxygen c o n su n p tio n  and s u r v i v a l
T a b le  3 .4  i s  a  c o m p i l a t i o n  o f  t h e  d a t a  on  t h e  r a t i o s  o f  
a e r i a l : a q u a t i c  r e s p i r a t i o n  o b ta in e d  d u r in g  th e  p r e s e n t  s tu d y  to g e th e r  
w i t h  c o m p a r a b le  v a l u e s  f ro m  s t u d i e s  on o t h e r  t a l i t r i d s .  T h i s  
in fo r m a t io n  h a s  been  p la c e d  w i t h i n  t h e  e c o - m o r p h o l o g ic a l  f ra m e w o rk  
p r o p o s e d  by B o u s f i e l d  (1 9 8 4 ) . T h e re  a r e ,  h o w e v e r ,  o n ly  t h r e e  o f  
B o u s f i e l d 's  f o u r  g r o u p s  r e p r e s e n t e d ;  we l a c k  d a t a  f o r  t h e  p a l u s t r a l  
t a l i t r i d s  (Group I ) .  The a b i l i t y  o f  t a l i t r i d  am phipods to  m a in ta in  an  
a e r i a l  r a t e  o f  oxygen co n su m p tio n  fo llo w in g  im m ers io n  can  be ro u g h ly  
c o r r e l a t e d  w i t h  t h e i r  d e g r e e  o f  e m a n c ip a t io n  f ro m  t h e  a q u a t i c  
e n v iro n m e n t. T h is  c o n c lu s io n  i s  in  f u l l  a g reem en t w i th  p r e v io u s  work 
c a r r i e d  o u t  on a  nu m b er o f  c r u s t a c e a n  an d  m o l lu s c a n  g r o u p s  (T a y lo r  
and D a v ie s , 1981; H o u lih an  and In n e s , 1984; O'Mahoney and F u l l ,  1984; 
P o w e rs  a n d  B l i s s ,  1 9 8 3 ; McMahon an d  R u s s e l l - H u n t e r , 1 9 7 7 ; I n n e s  e t  
a l . ,  1 9 8 4 ) . W ith in  t h e  b e a c h f l e a  (G roup I I )  an d  la n d h o p p e r  (G roup IV : 
b o th  1 an d  2) g r o u p s ,  t h e r e  i s  a  t r e n d  to w a rd  l o s s  o f  b im o d a l  
r e s p i r a t i o n .  T h i s  i s  m o s t  m a r k e d  i n  t h e  l a n d h o p p e r  s p e c i e s  
r e p r e s e n te d .
T he  e u l i t t o r a l  m e d i t e r r a n e a  i s  im m e rse d  a t  e a c h  h ig h  t i d e  
( W i ld i s h ,  1 9 8 2 a )a n d  s o  a  r e t e n t i o n  o f  b im o d a l  r e s p i r a t i o n  w as  n o t  
u n e x p e c te d , O r c h e s t ia  g a m m a re llu s  i s  a l s o  a b le  t o  r e s p i r e  e q u a l ly  w e l l  
i n  a i r  a n d  w a t e r .  S u ch  a n  a b i l i t y  t o  m a i n t a i n  a n  a q u a t i c  r a t e  o f  
o x y g e n  c o n s u m p t io n  i n  a i r  h a s  a l s o  b e e n  r e p o r t e d  i n  a  s u b t r o p i c a l
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TABLE 3.4 A e r ia l : a q u a t i c  oxygen co n su m p tio n  r a t i o s  f o r  a  number 
o f  t a l i t r i d  a m p h ip o d s  p r e s e n t e d  w i t h i n  t h e  e c o -m o rp h o lo g  i c a l  
schem e s u g g e s te d  by B o u s f ie ld  (1984). R a t io s  have  been  c a l c u l a t e a  
f o r  a  's t a n d a r d '5  mg d r y  w e ig h t  a n im a l .  S p e c i e s  m a rk e d  w i t h  a n  
a s t e r i s k  w e re  u n a b le  t o  m a i n t a i n  an  a e r i a l  o x y g e n  c o n s u m p t io n  
when im m ersed . R e f e re n c e s : -  (1) P r e s e n t  s tu d y , (2) M arsden , 1986, 
(3) M a rs d e n , 1 9 8 5 , (4) I v l e v  an d  S u s c h e n y a , 1 9 6 1 , (5) P a l l a u a l t ,  
1954.
GROUP I I  (B e a c h fle a s ) GROUP I I I  (Sandhoppers)
O r c h e s t i a
m e d i te r r a n e a
0 .8 5 (1
C h r o e s t ia  l o t a  1.01  
0 .  g am m are llu s  1 .0 1
T r a n s o r c h e s t ia  1 .3 3  
c h i l i e n s i s
(3
0 .  caviiTiana 
0 .  b o t t a e
1 . 6 7 ^^
2 . 3 0 "^^
T a l i t r u s  1 .00^^^ l?J 
s a l  t a  t o r
GROUP IV (L andhoppers)
i v . i
A r c i t a l i t r u s  3 .2 3 ^ ^ / 
d o r r i e n i  *
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b e a c h f l e a ,  C h r o e s t i a  l o t a  ( M a r s d e n ,  1 9 8 5 )  a n d  i n  so m e  o t h e r  
c r u s t a c e a n s  s u c h  a s  t h e  s h o r e  c r a b ,  C a r c in u s  m a e n a s  (N e w e ll e t  a l . ,  
1 9 7 2 ) , t h e  s e m i - t e r r e s t r i a l  c r a b ,  C a rd is o m a  g u a n h u m i (T a y lo r  a n d  
B u t l e r ,  1 9 7 8 ; O’M ahoney a n d  F u l l ,  1984) and  t h e  f r e s h w a t e r  c r a y f i s h  
A u s tro p o ta m o b iu s  p a l l i p e s  (T ay lo r and W heatly , 1980).
I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e r e  i s  l i t t l e  d i f f e r e n c e  b e tw e e n  
th e  r a t e  o f  oxygen  co n su m p tio n  o f  i n t e r t i d a l  a n im a ls  in  a i r  and w a te r  
w hen m e a s u re d  a t  c o m p a r a b le  a c t i v i t y  l e v e l s  (N e w e ll e t  ^ . ,  19 7 2 ; 
N e w e l l ,  1 9 7 3 ) . H o w e v e r , a s  i n  t h e  d e c a p o d s  s t u d i e d  by H o u l ih a n  and  
In n e s  (1984), t h i s  was c l e a r l y  n o t  th e  c a se  in  A r c i t a l i t r u s  d o r r i e n i  
o r  O r c h e s t i a  c a v im a n a . In  t h e s e  a m p h ip o d s  t h e r e  w as a  m ark e d  
s u p p re s s io n  o f  oxygen co n su m p tio n  upon im m ersion . I v le v  and S uschenya 
(1961) fo u n d  t h a t  i n  0 . c a v im a n a  (a s  0 . b o t t a e ) , a e r i a l  r e s p i r a t i o n  
r a t e s  w ere  tw ic e  th o s e  in  w a te r .  T h is  i s  f a r  g r e a t e r  th a n  was o b se rv e d  
d u r in g  t h e  p r e s e n t  s tu d y .  The e l e v a t e d  r e s p i r a t i o n  r a t e s  i n  a i r  
o b s e r v e d  by I v l e v  an d  S u s c h e n y a  (1 9 6 1 ), may h a v e  b e e n  a c c e n t u a t e d ,  
h o w e v e r ,  by u n c o n s t r a i n e d  m ovem en t o f  t h e  a n im a ls  w i t h i n  t h e  
e x p e r im e n ta l  v e s s e l s .
D o rs  man (1935) K ep t ^  c a v im a n a  a l i v e  f o r  m any m o n th s  u n d e r  
c o n d i t i o n s  o f  f o r c e d  im m e r s io n  w h e re a s  i n  O r c h e s t i a  p a t e r s o n i  a n d  
M akawe h u r l e y i , p r o lo n g e d  im m e rs io n  e v e n t u a l l y  r e s u l t e d  i n  d e a th  
(D uncan , 1 9 6 9 , a n d  p e r s .  com m .). The f a c t  t h a t  a l l  s p e c i e s  p r e s e n t l y  
e x a m in e d ,  w i t h  t h e  e x c e p t i o n  o f  ^  d o r r i e n i , c a n  r e m a in  a l i v e  
i n d e f i n i t e l y  i n  w e l l - a e r a t e d  w a te r  (a f e a t u r e  common t o  m o s t  
s u p r a l i t t o r a l  t a l i t r i d s ,  s e e  S m a llw o o d , 19Ü 3, 1 9 0 5 ; K in g , 1 9 1 3 ; 
P a l l a u a l t ,  1954; B ow ers, 1964; M arsden 1980, 1985; Moore and F r a n c is ,  
1986 d e s p i t e  som e r e p o r t s  t o  t h e  c o n t r a r y ,  e g . R o b e r t s o n ,  1888  an d  
B u lycheva, 1957 a s  q u o te d  in  H u rley , 1968) w ould i n d ic a te  t h a t ,  a s  in
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t h e  c a s e  o f  t h e  f u l l y  t e r r e s t r i a l  d e c a p o d s  G e c a r c in u s  l a t e r a l i s  
( T a y lo r  a n d  D a v ie s ,  1981) a n d  Q cypode s a r a t a n  (E sh k y , 1 9 8 5 ) , ^  
d o r r i e n i  h a s  l o s t  t h e  a b i l i t y  t o  s u s t a i n  p r o lo n g e d  o x y g e n  u p ta k e  i n  
w a t e r .  T h i s  m ay be  r e l a t e d  t o  t h e  l o s s  a n d  r e d u c t i o n  o f  p l e o p o d s  
(p le o p o d  3 a n d  1 + 2  r e s p e c t i v e l y )  i n  ^  d o r r i e n i  (H u n t, 1 9 2 5 ) . 
A lth o u g h  d i s p la y in g  v a lu e s  f o r  a e r i a l : a q u a t i c  Rg co m p arab le  to  t h a t  o f  
A. d o r r i e n i , 0 . cav im ana  p o s s e s s e s  w e l l  d e v e lo p ed  p leo p o d s . In  a q u a t i c  
am ph ipods, th e  p le o p o d s  m a in ta in  a  v e n t i l a t o r y  c u r r e n t  over th e  g i l l s  
( L in c o l n ,  1 9 7 9 ) ,  t h e r e f o r e  an y  r e d u c t i o n  in  t h e s e  s t r u c t u r e s  w i l l  
p re su m a b ly  im p a ir  oxygen u p ta k e  in  w a te r ,  though  n o t  n e c e s s a r i ly  i n  
a i r .
I n  many s e m i - / f u l l y  t e r r e s t r i a l  decapods and iso p o d s , r e d u c t io n  in  
th e  a b i l i t y  t o  s u s t a i n  an  a e r i a l  r a t e  o f  r e s p i r a t i o n  when subm erged  i s  
o f t e n  l i n k e d  t o  p r o fo u n d  c h a n g e s  i n  t h e  n a t u r e  o f  t h e  g a s  e x c h a n g e  
o r g a n s  (P o w e rs  an d  B l i s s ,  1 9 8 3 ) . I n  t h e  T a l i t r i d a e ,  h o w e v e r , t h e  
r e a s o n  f o r  t h i s  r e d u c t io n  in  a q u a t ic  r e s p i r a t i o n  i s  f a r  from  a p p a re n t .  
I t  may be l in k e d  to  b o th  r e d u c t io n  in  g i l l  a r e a ,  known to  be a  f e a t u r e  
o f  many t a l i t r i d s  (see  c h a p te r  4 ), a n d /o r  l i m i t a t i o n s  im posed by th e  
oxygen t r a n s p o r t i n g  sy s te m .
I n  m any d e c a p o d  s p e c i e s  t h e r e  i s  a  d i f f e r e n t i a t i o n  o f  t h e  g i l l  
t i s s u e  i n t o  o s m o r e g u la t o r y  an d  r e s p i r a t o r y  r e g i o n s .  S h o u ld  t h i s  b e  
t r u e  o f  am p h ip o o s , i t  may a l s o  h e lp  to  r e c o n c i l e  th e  o c c u rre n c e  o f  th e  
l a r g e s t  a e r l a l t a q u a t i c  o x y g e n  c o n s u m p t io n  r a t i o  i n  A. d o r r i e n i , t h e  
t a l i t r i d  w i th  th e  g r e a t e s t  g i l l  a r e a  p e r  u n i t  w e ig h t  o f  th o s e  s tu d i e a .  
F u r th e r  i n v e s t i g a t i o n  o f  th e  c o m p a ra tiv e  h i s to lo g y  and h i s to c h e m is t r y  
o f  am phipod g i l l s  i s  r e q u i r e d  b e fo re  th e  v a l i d i t y  o f  t h i s  h y p o th e s is  
c a n  b e  a s s e s s e d .
3 .4 .2  A e r ia l  r e s p i r a t i o n
Respiration in air by sessile inhabitants of the intertidal zone
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in v o lv e s  a  com prom ise  b e tw een  th e  need to  e n s u re  a c c e s s  o f  a i r  to  th e  
r e s p i r a t o r y  s u r f a c e s ,  an d  t h e  r e d u c t i o n  o f  e v a p o r a t i v e  w a te r  l o s s  
w h ic h  a f f e c t s  a n im a l s  l i v i n g  a t  t h e  h i g h e r  l e v e l s  o f  t h e  s h o r e  
( N e w e l l ,  1 9 7 9 ) . T a l i t r i d  a m p h ip o d s , h o w e v e r ,  h a v e  o v e rc o m e  t h i s  
d i f f i c u l t y  by in h a b i t in g  wracK beds o r  l e a f - l i t t e r  a c c u m u la tio n s  w ith  
h ig h  i n t e r s t i t i a l  r e l a t i v e  h u m id ity  (H urley , 1968; Moore and F r a n c is ,  
1985a). Edney (1960) s u g g e s te d  t h a t  th e  re a d y  a v a i l a b i l i t y  o f  oxygen 
and th e  low  d e n s i t y  o f  a i r  p e r m i ts  r a p id  and p ro lo n g e d  lo c o m o tio n  and 
s u b s e q u e n t  e l e v a t e d  l e v e l s  o f  o x y g en  c o n s u m p t io n  in  t e r r e s t r i a l  
s p e c ie s .  T h is  p r e d i c te d  e le v a t i o n  in  oxygen c o n su m p tio n  was n o t  found 
i n  a n y  o f  t h e  t a l i t r i d s  e x a m in e d  p e r h a p s  w i t h  t h e  e x c e p t io n  o f  A. 
d o r r i e n i . Due t o  t h e  s m a l l e r  s i z e  o f  t h i s  s p e c i e s  c o m p a red  w i th  t h e  
r e m a in in g  s p e c i e s ,  how ever, i t  i s  p e rh a p s  u n w ise  to  re g a rd  t h i s  a s  a  
g e n u in e  i n c r e a s e  i n  m e ta b o l i s m  a s s o c i a t e d  w i th  t h e  c o l o n i s a t i o n  o f  
la n d . The o f  th e  re m a in in g  s p e c ie s ,  w here c o m p a rab le , was s i m i l a r  
t o  th e  a q u a t i c  Rg o f  some m ore f u l l y  m arin e  am phipods (W alshe-M aetz , 
1952, 1956; O p a l in s k i ,  1982; S u t c l i f f e ,  1984; Agnew, 1985) a s  w e l l  a s  
t h a t  o f  o th e r  b e a c h f le a  and sandhopper g e n e ra .
3 .4 .3  E f f e c t  o f  te m p e ra tu re  on oxygen co n su m p tio n
The aerial and aquatic oxygen uptake of all species studied was 
temperature dependent, a feature common to all other semi- and fully 
terrestrial amphipods examined to date (Marsden, 198 4 , 1985 ; see 
Introduction for references). Marsden (1984) noted that while plateaux 
of temperature independence have been found following thermal 
acclimation in the isopods Ligia oceanica and Sphaeroma rugica (Newell 
et ^ . ,  1976; Marsden, 1979), no such metaoolic response was observed 
following laboratory acclimation of Transorchestia chiliensis. This is 
also true of the four species examined here.
Although the terrestrial environment is characterised by greater
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e x t r e m e s  o f  t e m p e r a t u r e  t h a n  t h e  m a r in e  e n v i r o n m e n t ,  t a l i t r i d s  
i n h a b i t  an  e n v iro n m e n t w h ich  i s  t o  some e x te n t  'b u f f e r e d ' fro m  th e s e  
v a r i a t i o n s  (M oore an d  F r a n c i s ,  1 9 8 5 a ) .T h is  'b u f f e r i n g '  c a p a c i t y ,  
h ow ever, d im in is h e s  a s  th e  volum e o f  w rack d e c re a s e s .  A n im als l i v i n g  
b e n e a t h  s t o n e s  o r  w i t h i n  s m a l l  w ra c k  ' s t r i n g s '  w i l l ,  t h e r e f o r e ,  b e  
m ore s u s c e p t ib l e  to  te m p e ra tu re  s t r e s s  th a n  in h a b i ta n t s  o f  w rack  b ed s  
(B a c k lu n d , 1945).
T h e re  i s  a  c o n s id e r a b le  i n t r a s p e c i f i c  v a r i a t i o n  in  th e  v a lu e s  o f  
Q^q w h ich , to g e th e r  w i th  d i f f e r e n c e s  in  a c c l im a t io n  te m p e ra tu re ,  m akes 
m e a n in g f u l  c o m p a r i s o n s  w i t n  d a t a  on  o th e r  t a l i t r i d s  v e ry  d i f f i c u l t .  
B oth  th e  s u b l i t t o r a l  am phipod G am m arus o c e a n ic u s  (H a lc ro w  a n d  B oyd , 
1967) an d  t h e  s u p r a t i d a l  t r o p i c a l  t a l i t r i d  T a l o r c h e s t i a  m a r g a r i t a e  
(V e n a b le s ,1 9 8 1 a )  h a v e  Q^q v a l u e s  i n  e x c e s s  o f  2. Q^q v a lu e s  > 2 o v e r  
th e  te m p e ra tu re  ran g e  5 -  25^C have a l s o  been c a lc u la t e d  from  A gnew 's 
(1985) d a t a  r e l a t i n g  t o  t n e  e u l i t t o r a l  a m p h ip o d s  E c h in o g a m m a ru s  
p i r l o t i  a n d  E. o b t u s a t u s . T h i s  r e d u c t i o n  i n  t h e  s e n s i t i v i t y  o f  R t o  
ch an g es  in  te m p e ra tu re  -  o f t e n  a s s o c i a t e d  w i t h  t h e  c o l o n i s a t i o n  o f  
t h e  l i t t o r a l / s u p r a l i t t o r a l  z o n e  -  i s  v e ry  d i f f i c u l t  to  d e te rm in e  in  
t h e  a m p h ip o d s  c o n s i d e r e d  a b o v e ,  a l t h o u g h  t h e r e  i s  a  n o t i c e a b l e  
d e c r e a s e  i n  t h e  v a lu e  w i t h  a n  i n c r e a s e  i n  t e m p e r a t u r e  i n  a l l  o f  
th e  s p e c ie s  exam ined .
B u rg g ren  and McMahon (1981), w ork ing  on a  ran g e  o f  h e r m i t  c r a b s  
f ro m  s u b l i t t o r a l ,  l i t t o r a l  an d  s u p r a l i t t o r a l  h a b i t a t s  fo u n d  t h a t ,  
o v e r  t h e  n o r m a l  e n v i r o n m e n t a l  t e m p e r a tu r e  ra n g e s  f o r  th e s e  s p e c i e s ,  
□lO v a lu e s  f o r  oxygen co n su m p tio n  d e te rm in e d  f o r  th e  l i t t o r a l  c r a b s  
w ere  s i g n i f i c a n t l y  lo w e r th a n  th o s e  f o r  s u b l i t t o r a l  o r  s u p r a l i t t o r a l  
s p e c ie s  b e lo n g in g  to  th e  sam e f a m ily ;  th e y  a l s o  n o te d  t h a t  a  h ig h  
f o r  a c u t e l y  d e te r m i n e d  o x y g e n  c o n s u m p tio n  w as n o t  p a r t i c u l a r l y  
d is a d v a n ta g e o u s  fo r  s u p r a t i d a l  a n im a ls  w here e n v iro n m e n ta l  te m p e r a tu r e  
c h a n g e s  m ay b e  m uch  m o re  g r a d u a l  a n d  a t t e n u a t e d .  S u c h  a
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d i f f e r e n t i a t i o n  c a n n o t be made on th e  b a s i s  o f  th e s e  p r e s e n t  r e s u l t s  
f o r  one e u l i t t o r a l ,  tw o s u p r a l i t t o r a l  and one e u t e r r e s t r i a l  am phipoo 
in  w h ich , a s  n o te d  above , th e r e  was v e ry  l i t t l e  d i f f e r e n c e  be tw een  Q^q 
v a l u e s  o v e r  t h e  c o r r e s p o n d in g  t e m p e r a t u r e  r a n g e .  G r e a t  c a r e  m u s t  
t h e r e f o r e  b e  t a k e n  i n  f o r m u l a t i n g  g e n e r a l i t i e s ,  l i n k i n g  t h e  
te m p e ra tu re  s e n s i t i v i t y  o f  t a l i t r i d  r e s p i r a t i o n  w ith  a p p a re n t  h a b i t a t  
te m p e ra tu re  re g im e s . I t  i s  c l e a r  t h a t  more d a ta  a r e  r e q u i r e d  on b o th  
a q u a t i c  a n d  f u l l y  t e r r e s t r i a l  a m p h ip o d  s p e c i e s  b e f o r e  t h i s  c a n  b e  
a t te m p te d .
The h ig h  Q^o v a lu e ,  found f o r  exam ple f o r  th e  a e r i a l  r e s p i r a t i o n  
o f  0 .  g a m m a r e l lu s  an d  0 ^  m e d i t e r r a n e a  b e tw e e n  5 a n d  lO ^C , w as a l s o  
n o t e d  i n  t h e  s u p r a l i t t o r a l  h e r m i t  c r a b s  s t u d i e d  by B u rg g re n  a n d  
McMahon (1 9 8 1 ). When t h e s e  a n im a l s  w e re  e x p o s e d  t o  su c h  lo w  
te m p e r a tu r e s ,  w as red u ced  d r a m a t i c a l l y ,  le a v in g  th e s e  c r a b s  " se m i-  
to r p id "  and th u s  im p a ir in g  fo ra g in g  a c t i v i t y  and th e  a b i l i t y  to  a v o id  
p o t e n t i a l  p r e d a to r s .
The o n s e t  o f  s t r e s s f u l  c o n d i t io n s  a t  th e  upper l i m i t  o f  th e rm a l  
t o le r a n c e  o f  0^  g a m m a re llu s  and 0^  m e d i te r ra n e a  ( 30 -  35^C; B ack lund , 
1 9 4 5 ;  M o o re  a n d  F r a n c i s ,  1 9 8 6 a :  J . I . S .  u n p u b l .  o b s . )  i s  o f t e n  
r e s p o n s i b l e  f o r  a  d e c r e a s e  i n  t h e  r e s t i n g  r a t e s  o f  a e r i a l  o x y g e n  
c o n s u m p t io n  a t  h i g h e r  t e m p e r a t u r e s .  T h is  p h en o m e n o n  h a s  a l s o  b e e n  
re c o rd e d  in  o th e r  e u l i t t o r a l  and s u p r a l i t t o r a l  am phipods. None o f  th e  
am g^ipods s tu d ie d  e x p e r ie n c e  a q u a t ic  te m p e ra tu re s  g r e a t e r  t h a t  25^C. 
N o t s u p r i s i n g l y ,  v e r y  few  a n im a l s  o f  an y  o f  t h e  s p e c i e s  c o n s id e r e d  
h e re  w ere  a b le  t o  s u rv iv e  p ro lo n g e d  a e r i a l  e x p o su re  ( >8hrs) a t  30^C. 
I t  i s  n o ta b le  t h a t  in  th e s e  s e m i-  and f u l l y  t e r r e s t r i a l  am phipods i t  
was im p o s s ib le  to  s u s t a i n  a q u a t ic  oxygen co n su m p tio n  a t  te m p e ra tu re s  
a b o v e  25^C . T h i s  i s  u n d o u b te d ly  r e l a t e d  t o  t h e  a c q u i s i t i o n  o f  
t e r r e s t r i a l  h a b i t s  in  th e s e  a n im a ls  a lth o u g h  th e  c o n s t r a i n t s  in v o lv e d
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have n o t  been  e lu c id a te d ,
3 .4 .4  G i l l  e x c is io n
I t  h a s  b e e n  r e p o r t e d  f o r  b o th  T a l i t r u s  s a l t a t o r  an d  a n  u n nam ed
f u l l y  t e r r e s t r i a l  l a n d h o p p e r  t h a t  a p p r o x i m a t e ly  h a l f  o f  t h e  g a s
u.
e x c h a n g e  t h a t  t a k e s  p l a c e  d o e s  s o  a t  t h e  g i l l s  ( P a lJ ^ a u l t ,  1 9 5 4 ; 
H u r le y , 1968). I t  w as found  in  t h i s  s tu d y , how ever, t h a t  g i l l  e x c i s io n  
i n  g a m m a re llu s  d id  n o t  s i g n i f i c a n t l y  a f f e c t  th e  oxygen c o n su m p tio n  
o f  th e  a n im a l a t  lO^C a lth o u g h  a t  20^C th e  oxygen co n su m p tio n  r a t e s  o f  
a n im a ls  w i th  e x c is e d  g i l l s  w ere  s i g n i f i c a n t l y  low er th a n  th o s e  o f  th e  
c o n t r o l  a n im a l s .  The a n s w e r  t o  t h i s  a p p a r e n t  c o n t r a d i c t i o n  may b e  
fo u n d  i n  a  c o n s i a e r a t i o n  o f  t h e  e x p e r i m e n t a l  t e c h n i q u e s  o r  t h e  
e x p e r im e n ta l  te m p e ra tu re  u se d  in  each  c a se . I t  w ould ap p e ar t h a t  b o th  
P a l l a u l t  an d  D uncan  p n y s i c a l l y  b lo c k e d  t h e  g i l l s  w i t h  an  o x y g e n  
im p erm eao le  s u b s ta n c e  eg . p a i n t ,  wax. P e rh ap s  th e  r e d u c t io n  in  oxygen 
c o n su m p tio n  o b se rv e a  may have been  a  consequence  o f  a  tra u m a  r e l a t e d  
to  h a n d lin g  a n o /o r  t o x i c i t y  in  th e  m ethod used  to  p re v e n t  g a s  exchange 
o c c u r r i n g  a t  t h e  g i l l s . W i l l i a m s o n  (1951a) fo u n d  w hen t h e  g i l l s  o f  O. 
g a m m a re llu s  w ere b lo ck e d  w i th  p a r a f f i n  wax, t h a t  th e  a n im a ls  d id  n o t  
l i v e  a n y  l o n g e r  t h a n  a  few  h o u r s .  T h i s  i s  i n  m ark ed  c o n t r a s t  t o  t h e  
p r e s e n t  s tu a y  in  w hich  a n im a ls  w i th  e x c is e d  g i l l s ,  u sed  in  th e  a e r i a l  
r e s p i r a t i o n  e x p e r im e n ts , show ed no i l l - e f f e c t s  on (or su b s e q u e n t to ) 
rem o v a l a t  r e l a t i v e l y  low  a m b ie n t te m p e ra tu re s .  T h is  was n o t  th e  c a s e  
how ever when th e  e x p e r im e n ta l  a n im a ls  w ere  subm erged in  s e a  w a te r  a t  
t e m p e ra tu re s  in  e x c e s s  o f  15^C, in d ic a t in g  t h a t  th e  g i l l s  th e m s e lv e s  
may p l a y  a  v e r y  i m p o r t a n t  r o l e  i n  a q u a t i c  g a s  e x c h a n g e . I n  a i r  t h e s e  
a n im a ls  can  m a in ta in  an  a e r i a l  r a t e  o f  oxygen co n su m p tio n  v i a  e x t r a -  
b r a n c h i a l  r o u t e s  o f  g a s  e x c h a n g e  a t  a  w id e  r a n g e  o f  e n v i r o n m e n t a l  
te m p e ra tu re s  b u t  t h i s  a b i l i t y  d e c re a s e s  a s  te m p e ra tu re  in c r e a s e s .  The 
f u n c t i o n  an d  t h e  s i g n i f i c a n c e  o f  g i l l  m o rp h o lo g y  r e l a t i o n s h i p s  i s  
c o n s id e re d  m ore f u l l y  b o th  in  th e  n e x t  c h a p te r  and in  c h a p te r  7,
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CHAPTER 4




A l t h o u g h  o x y g e n  a v a i l a b i l i t y  i s  g r e a t e r  i n  t h e  a e r i a l  
e n v iro n m e n t, t e r r e s t r i a l  a n im a ls  m ust s t i l l  m a in ta in  m o is t  r e s p i r a t o r y  
s u r f a c e s  (E d n ey , 1 9 6 0 ) . T h u s  t h e  i n te r d e p e n d e n c e  o f  r e s p i r a t i o n  a n d  
w a te r  b a la n c e  w i l l  p re s u m a b ly  in f lu e n c e  th e  a d a p tiv e  r a d i a t i o n  o f  a  
g i v e n  g r o u p .  Among t h e  a m p h ip o d s ,  t h e  T a l i t r i d a e  i s  t h e  o n ly  f a m i l y  
w h ic h  h a s  t r u l y  t e r r e s t r i a l  r e p r e s e n t a t i v e s  ( s e e  c h a p t e r s  1 a n d  2 ) . 
Some o f  th e  i n t e r t i d a l  g am m arid s  e x h ib i t  a  l im i t e d  a b i l i t y  to  s u rv iv e  
i n  m o is t  a i r  (L a g e rs p e tz , 1963) b u t  i t  w ould be m is le a d in g  to  r e f e r  t o  
them  a s  t e r r e s t r i a l  (Pow ers and  B l i s s ,  1983).
Many t e r r e s t r i a l  iso p o d  and decapod C ru s ta c e a  show m o rp h o lo g ic a l  
a d a p ta t i o n s  f o r  a e r i a l  g a s  exchange . A lthough  some s p e c ie s  o f  w o o d lic e  
c o n tin u e  to  u se  t h e i r  g i l l s  i n  g a s  exchange , in  th e  m ore t e r r e s t r i a l  
s p e c i e s ,  g a s  e x c h a n g e  t a k e s  p l a c e  w i t h i n  t u b u l a r  i n v a g i n a t i o n s  
( p s e u d o t r a c h a e )  o f  t h e  p l e o p o d s  (E dney , 1 9 6 8 ) . S i m i l a r l y  i n  m any 
t e r r e s t r i a l  c r a b s ,  oxygen ex ch an g e  ta k e s  p la c e  a c r o s s  th e  w a l l s  o f  th e  
h e a v i l y  v a s c u l a r  i s e d  b r a n c h i a l  c h a m b e r s  ( G r e e n a w a y ,  1 9 8 4 )  
s u p p le m e n tin g , and in  some c a s e s  r e p la c in g  th e  g i l l s  a s  th e  s i t e  o f  
g a s  exchange . In  la n d  c r a b s ,  th e  g i l l s  th e m se lv e s  show v a r io u s  d e g re e s  
o f  r e d u c t i o n  i n  a r e a  a n d  n u m b er w h ic h  h a s  b e e n  c o r r e l a t e d  w i t h  t h e  
m ove o n to  l a n d  ( L i t t l e ,  1 9 8 3 ) . S uch  s p e c i f i c  r e s p i r a t o r y  m o d i f i c a ­
t i o n s  a s  o c c u r in  th e  iso p o d s  and decapods a r e  a b s e n t  from  b o th  s e m i-  
and  f u l l y  t e r r e s t r i a l  am ph ipods (H urley , 1959). W h ils t  am phipods have  
r e t a in e d  a  b a s ic  g i l l  s t r u c t u r e ,  i t  h a s  r e c e n t ly  been  d e m o n s tra te d
* Much o f  t h i s  c h a p t e r  i s  e m b o d ie d  i n  a  p a p e r  by  S p i c e r  J . I ,  a n d  A.C. 
T a y lo r  (1986) A c o m p a r a t i v e  s t u d y  o f  t h e  g i l l  a r e a  r e l a t i o n s h i p s  i n  
som e t a l i t r i d  am phipods. J .  N at. H i s t . ,  20, 935-947.
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t h a t  t h e r e  i s  a  r e d u c t i o n  i n  t h e  num ber an d  s u r f a c e  a r e a  o f  g i l l s  i n  
t h e  s u p r a l i t t o r a l  0 .  g a m m a r e l lu s  c o m p a red  w i t h  t h a t  o f  o t h e r  m ore  
m a r in e  a m j^ ip o d s  (Moore and  T a y lo r , 1984). The a u th o r s  s u g g e s te d  t h a t  
t h i s  r e d u c t i o n  i n  g i l l  a r e a  i n  0 .  g a m m a r e l lu s  may be  r e l a t e d  t o  t h e  
a c q u i s i t i o n  o f  t e r r e s t r i a l  h a b i t s .  I n  c o n t r a s t ,  i t  i s  co m m o n ly  h e ld  
t h a t  lan d h o p p e r s p e c ie s  e x h i b i t  an  in c r e a s e  in  t h e i r  o v e r a l l  g i l l  a r e a  
(M atsuda, 1982). To my k now ledge , how ever, a  q u a n t i t a t i v e  a s s e s s m e n t  
o f  th e  g i l l  a r e a  r e l a t i o n s h i p s  o f  any f u l l y  t e r r e s t r i a l  am phipod h as  
n o t  b een  p u b lis h e d .
D u r in g  t h e  p r e s e n t  s t u d y ,  t h e  g i l l  c h a r a c t e r i s t i c s  o f  t a l i t r i d  
am phipods ta k e n  from  a  num ber o f  d i f f e r e n t  h a b i t a t s  w ere  exam ined . The 
s p e c i e s  ch o sen  have c o lo n is e d  a  v a r i e ty  o f  e n v iro n m e n ts  fro m  m arin e  
l i t t o r a l  an d  s u p r a l i t t o r a l  t o  f r e s h - w a t e r  a n d  f u l l y  t e r r e s t r i a l  
h a b i t a t s .  B o th  t h e  g i l l  m o rp h o lo g y  a n a  d i s t r i b u t i o n  h a v e  b e e n  
d e s c r ib e d .  The t o t a l  g i l l  a r e a  was r e l a t e d  to  th e  body w e ig h t  o f  sev en  
d i f f e r e n t  s p e c i e s  ( s e e  b e lo w  f o r  d e t a i l s )  t o  c l a r i f y  t h e  e x t e n t  t o  
w h ich  th e  T a l i t r i d a e  a s  a  f a m i ly  a r e  c h a r a c te r i s e d  by a  r e d u c t io n  in  
g i l l  a r e a  and num ber.
4 .2  MATERIALS AND METHODS
4 .2 .1  A nim al m a te r i a l
O r c h e s t i a  g a m m a r e l lu s , 0 . m e d i t e r r a n e a , T a l i t r u s  s a l t a t o r  and  
T a l o r c h e s t i a  d e s h a y e s i i  w e re  a l l  c o l l e c t e d  f ro m  t h e i r  r e s p e c t i v e  
h a b i t a t s  on  t h e  G r e a t  C u m b rae  I s l a n a  i n  t h e  F i r t h  o f  C ly d e  ( l a t ,  55^  
44*N; lo n g . 4 °  54'W). O r c h e s t i a  cav im ana was c o l l e c t e d  from  th e  banks 
o f  t h e  R iv e r  T ham es a t  I s l e w o r t h  A i t  (O.S. G r id  r e f .  TQ 167 761 ) .  
Ar c i t a i  i t r u s  d o r r  i e n i  w as c o l l e c t e d  from  sycam ore l e a f  l i t t e r  on th e
I s l e  o f  C o lo n s a y  (O.S. G r id  r e f .  NR 394 971 ; L a t .  56^  07 'N ; l o n g .  6 °  
18 'W ) ( c f .  M o o re  a n d  S p i c e r ,  1 9 8 6 ) .  A l l  B r i t i s h  a n i m a l s  w e r e
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t r a n s p o r t e d  l i v e  back t o  th e  l a b o r a to r y  w here th e y  w ere  m a in ta in e d  in  
l e a f  l i t t e r ,  w ra c k  e t c .  a c c o r d in g  t o  h a b i t a t .  T a l o r c h e s t i a  s p .  A w as 
c o l l e c t e d  f ro m  M cF ad d in  b e a c h ,  15 m i l e s  w e s t  o f  S a b in e  P a s s  a n d  35 
m i l e s  f ro m  P o r t  A r t h u r ,  T e x a s ,  on  t h e  G u lf  o f  M ex ico  ( l a t .  2 9 °  30 'N ; 
l o n g .9 3 °  53 'W ). T h e s e  a n i m a l s  w e re  p r e s e r v e d  i n  10% f o r m a l i n ,  1% 
g l y c e r o l  d i l u t e d  w ith  34%# s e a  w a te r .  I n  some s p e c ie s ,  th e  t o t a l  g i l l  
a r e a  o f  b o th  p re s e rv e d  and  f r e s h  m a t e r i a l  w ere com pared to  v a l i d a t e  
t h e  i n c l u s i o n  o f  t h e  T a l o r c h e s t i a  s p .  A m a t e r i a l .  No s i g n i f i c a n t  
d i f f e r e n c e  w as found  b e tw e en  th e  d a ta  o b ta in e d  from  b o th  g ro u p s .
4 .2 .2  G i l l  a r e a  m easu rem en ts
G i l l  a r e a  m easu rem en ts  w ere  c a r r i e d  o u t  u s in g  th e  m ethod o f  Moore 
a n d  T a y lo r  (1984) w h ic h  i n v o lv e d  d r a w in g  e a c h  o f  t h e  e x c i s e d  g i l l s ,  
m ounted in  th e  a p p r o p r ia t e  medium w i th o u t  a  co v e r s l i p ,  u s in g  a  cam era  
lu c id a .  Each s e t  o f  d ra w in g s  was c a l i b r a t e d  u s in g  a  s ta g e  m ic ro m e te r  
and  th e  a r e a s  w ere  c a lc u l a t e d  u s in g  a  d i g i t i s i n g  pad i n te r f a c e d  to  a  
Commodore PET m ic ro co m p u te r . T o ta l  g i l l  a r e a  was e x p re s s e d  a s  th e  sum 
o f  t h e  i n d i v i d u a l  a r e a s  (x2) a n d  r e g r e s s e d  a f t e r  d o u b le  l o g a r i t h m i c  
t r a n s f o r m a t io n  on body d ry  w e ig h t  u s in g  th e  m ethod o f  l e a s t  s q u a re s .  
T h e  b o d y  w e i g h t  o f  t h e  d i s s e c t e d  a n i m a l s  w a s  e s t i m a t e d  b y  
i n t e r p o l a t i o n  from  th e  r e g r e s s io n  e q u a tio n  f i t t e d  to  th e  lo g  l e n g t h /  
lo g  d r y  w e ig h t  d a ta  f o r  ea ch  o f  th e  s p e c ie s  (Table 4 .1).
4 .3  RESULTS
4 .3 .1  Body l e n g t h /  Body w e ig h t r e l a t i o n s h i p s
R e g re s s io n  e q u a tio n s  o f  lo g  body w e ig h t v e rs u s  lo g  body l e n g th  i n  
Q. m e d i t e r r a n e a , 0 . c a v im a n a , A. d o r r i e n i , T a l i t r u s  s a l t a t o r  a n d
T a l o r c h e s t i a  sp . A (see  T a b le  4.1) w ere  shown by c o v a r ia n c e  a n a l y s i s .
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TABLE 4.1 Rey cess ion constants foc lin e s  ot best f i t  o f dey body weiynt 
(Y) to body length (X) in the anphipod sp ec ies  in vestigated :
equation in the focin of log y = log a + b I'dj X, values of 'a
ace log nuinbecs.
Regcession constants C occelation
Spec ies à o c o e f f ic ie n c  (c) n
Occnestia garanarellus -l.b 7 S . 1 2 0.97d 20
Occhestia meditecranea -1.7b 2.43 0.949 37
Occnestia cavimana -1.63 2.2ÿ 0.889 3z
T alitcus sa lca to c -1.32 2.2^ 0.966 24
T alocchestia  d esh a y esii 0.08 0.99 0.998 19
T alocchestia sp . A -1.15 1.79 0.883 12
A rc ita litcu s  d o cc ien i -2.32 2.83 U. 688 19
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n o t  t o  be  s i g n i f i c a n t l y  d i f f e r e n t  e i t h e r  i n  s l o p e  o r  e l e v a t i o n  (P = 
0 .1 ) (C om bined  r e g r e s s i o n  c o e f f i c i e n t  = 2 .3 6 2 ) . I n  t h e  c a s e  o f  Ou 
g a m m a re llu s , how ever, a l th o u g h  th e  s lo p e  i s  s i m i l a r  to  t h a t  fo und  f o r  
t h e  s p e c i e s  l i s t e d  a b o v e ,  t h e  d i f f e r e n c e  i n  e l e v a t i o n  i s  h i g h l y  
s i g n i f i c a n t  (P < 0 .01  i n  e a c h  c a s e ) .  T h is  i s  b e c a u s e  i n d i v i d u a l s  o f  
O. g a m m a r e l lu s  a r e  s h o r t e r  p e r  u n i t  w e ig h t  t h a n  an y  o f  t h e  o t h e r  
t a l i t r i d s  i n v e s t i g a t e d .  T h e  r e g r e s s i o n  l i n e  f o r  T a l o r c h e s t i a  
d e s h a y e s i i  i s  s i g n i f i c a n t l y  d i f f e r e n t  in  b o th  s lo p e  and e l e v a t i o n  (P 
< 0 .01 ) w h ic h  may o e  a t t r i b u t a b l e  t o  t h e  s m a l l  w e ig h t  r a n g e  o f  t h e
a n im a ls  a v a i l a b l e .
4 .3 .2  G i l l  form
T he g i l l s  o f  a l l  s p e c i e s  e x a m in e d , w i t h  t h e  e x c e p t i o n  o f  A. 
d o r r i e n i , w e re  s i m i l a r  i n  t h e i r  e x t e r n a l  m o rp h o lo g y  ( F ig .  4 .1 ) .  
C o m p ared  w i t h  o t h e r  m o re  m a r in e  a m p h ip o d s ,  t h e  g i l l s  o f  a l l  t h e  
T a l i t r i d a e  a r e  f a i r l y  r o b u s t ,  a lm o s t  " s a c k - l ik e "  la m e l la e  (F ig . 4 .2 ). 
E ach  g i l l  i s  a t t a c h e d  by m ea n s  o f  a  s h o r t  s t a l k  t o  t h e  p o s t e r i o r  
( m e d ia l )  c o r n e r  o f  t h e  c o x o p o d a  o f  a  t h o r a c i c  l e g  ( F ig .  4 .2 ) .  A 
p r e l im in a r y  i n v e s t i g a t i o n  o f  some t h i n  g i l l  s e c t io n s  showed t h a t  th e  
b r a n c h i a l  w a l l s  a r e  fo rm e d  by a  s i n g l e  l a y e r  o f  e p i t h e l i a l  c e l l s ,  
o v e r l a i n  by  a  c u t i c u l a r  c o v e r i n g .  The c u t i c l e  i s  b e tw e e n  1 a n d  3 yum 
t h i c k .  The i n n e r  lu m e n a l  a r e a  o f  t h e  g i l l  i s  s e p a r a t e d  i n t o  a  s e r i e s  
o f  h a e m o c o e lic  la c u n a e , w h ich  a r e  p e r fu s e d  w ith  haeraolymph.
F i g u r e  4 .3  sh o w s t h e  p e r c e n t a g e  c o n t r i b u t i o n  t o  t h e  t o t a l  g i l l  
a r e a  o f  t h e  g i l l s  on  e a c h  p e r  a e o n  s e g m e n t  f o r  t h e  s e v e n  s p e c i e s  
exam ined . U sing th e  te rm in o lo g y  o f  Moore and T a y lo r  (1984) th e  g i l l s  
a r e  num bered a c c o rd in g  t o  th e  p e raeo p o d  o f  o r ig in .  G i l l  2 (G2) in  a l l  
b u t  A r c i t a l i t r u s  w as l a r g e  a n d  s t r o n g l y  e lo n g a t e d  a n t e r i o r l y ,  
re s e m b lin g  th e  l e t t e r  "W" in  o u t l i n e :  G6 i s  a l s o  l a r g e  and  e lo n g a te
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FIG. 4.1 O u t l in e s  o f  t h e  g i l l s  from  se v e n  t a l i t r i d  s p e c i e s .  G i l l s  
a r e  f ro m  m a le s  o f  t h e  sam e l e n g t h  (10mm); n u m b e rs  i n d i c a t e  















FIG . 4 .2  S c a n n in g  e l e c t r o n  m ic r o g r a p h  o f  g i l l  a t t a c h e d  t o  
p e ra eo p o d  4 o f  O r c h e s t i a  g a m m a re llu s . (X 75)
CP - Coys\ 
Cr ' (7\l l
FIG. 4.3  P e rc e n ta g e  c o n t r ib u t io n  to  th e  t o t a l  g i l l  a r e a  o f  g i l l s  
fro m  e a c h  p e ra e o n  se g m e n t in  th e  se v e n  t a l i t r i d  s p e c ie s .
I
o. g a m m a r e l l u s
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a l t h o u g h  t w i s t i n g  i s  n o t  a s  p ro n o u n c e d  a s  i n  G2 (F ig .  4 .1 ) .  G 3 -5  a r e  
s m a l l  a n d  s i m p l e ,  t h e i r  r e l a t i v e  s i z e s  v a r y in g  s l i g h t l y  b e tw e e n  
s p e c i e s .  I n  T a l o r c h e s t i a , h o w e v e r ,  G.5 i s  o f  a n  e q u i v a l e n t  s i z e  t o  
G.2. G.2 i s  t h e  l a r g e s t  o f  t h e  g i l l s  i n  a l l  t h e  O r c h e s t i a  s p p . .  T h i s  
i s  i n  m a rk e d  c o n t r a s t  t o  t h e  s a n d h o p p e r  g e n e r a  T a l o r c h e s t i a  a n d  
T a l i t r u s  i n  w h ich  th e  g r e a t e s t  s u r f a c e  a r e a  was in v e s te d  in  G.6. In  ^  
d o r r i e n i , G.2 i s  f a i r l y  l a r g e  w i t h  a  s l e n d e r  L - s h a p e d  a n t e r i o r  
e x t e n s i o n .  G.3 a n d  4 a r e  s m a l l ,  s im p l e  an d  e l o n g a t e  w h i l e  G.5 i s  
o f t e n  b i l o b a t e .  As i n  t h e  f o s s o r i a l  a m p h ip o d s  e x a m in e d  a b o v e  G.6 
a c c o u n ts  f o r  th e  g r e a t e s t  s in g l e  g i l l  a re a .  I t  i s  long  and a n s e r i f o r m ,  
b e in g  n o t  uncommonly d i s t a l l y  b i lo b a te .  G.7 was a b s e n t  in  a l l  s p e c ie s  
exam ined .
4 .3 .3  G i l l  a r e a
F ig  4 .4  sh o w s t h e  r e l a t i o n s h i p  b e tw e e n  t o t a l  g i l l  a r e a  a n d  d r y  
body w e ig h t in  th e  sev en  s p e c ie s  exam ined . The c a lc u la t e d  r e g r e s s io n  
l i n e s  f o r  t h e s e  d a t a  a r e  g iv e n  i n  T a b le  4 .2 . S i g n i f i c a n t  d i f f e r e n c e s  
in  e i t h e r  th e  e l e v a t i o n s  o r  th e  s lo p e s  o f  th e  r e g r e s s io n  l i n e s  w ere  
e s t a b l i s h e d  by c o v a r ia n c e  a n a ly s i s .
T he t o t a l  g i l l  a r e a  o f  t h e  a m p h ip o d s  0^  m e d i t e r r a n e a  a n d  0 . 
c a v im a n a , a l t h o u g h  a lm o s t  i d e n t i c a l  ( c f  W i l d i s h ,  1979 on  t h e  c l o s e  
r e l a t i o n s h i p  b e tw e e n  0^  c a v im a n a  an d  0^  m e d i t e r r a n e a ) , w e re  
s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  o f  0 .  g a m m a re l lu s  o f  an  e q u i v a l e n t  
w e ig h t  ( F ig .  4 .4 a ) .  C o v a r ia n c e  a n a l y s i s  o f  t h e s e  d a t a  i n d i c a t e d  t h a t  
a l t h o u g h  t h e  e l e v a t i o n  o f  t h e  lo g  l i n e  w as s i g n i f i c a n t l y  d i f f e r e n t  
b e tw e e n  t h e s e  s p e c i e s  ( F^ = 1 0 4 .9 1 ; d . f . ,  2 ,5 2 ;  P < 0 .01  ) ,  t h e r e  w as 
no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  s lo p e  o f  t h e  l i n e s  (C om bined  
r e g r e s s i o n  c o e f f i c i e n t  = 0 .5 0 6 ) . G i l l  a r e a s  o f  t h e  l a r g e  f o s s o r i a l
t a l i t r i d s  w e re  s i m i l a r  t o  t h a t  o f  l a r g e  0 ^  m e d i t e r r a n e a  a n d  0 . 
cav im ana. A s i g n i f i c a n t  d i f f e r e n c e  i n  th e  s lo p e  o f  th e  r e g r e s s io n  l i n e
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TABLE 4 .2  Regression constants for l in e s  o f best f i t  of to ta l g i l l  area
(Y) on body dry weight (X) in the amphipod sp ec ies investigated;  
equation in the form log Y = log a + b log X, values of 'a' are 
log nuj'ubers.
Regression constants Correlation
spec ies a b c o e f f ic ie n t  (r) n
Orchestia gammarellus Ü.2S2 0.549 U.94 21
Orchestia mediterranea 0.532 0.455 0.91 19
Orchestia cavimana 0.487 0.527 0.93 19
T alitru s sa lta to r 0.368 0.994 0.97 20
T alorchestia  deshayesii -0.217 1.001 0.75 31
T alorchestia sp. A 0.010 0.977 0.89 12
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(eg . T a l i t r u s  s a l t a t o r / Q. g a m m a re l lu s  Fg = 2 6 .7 5  ; d . f .  = 1 ,3 7  ;P  < 
0 .0 1  ) r e s u l t s ,  h o w e v e r ,  i n  s m a l l e r  i n d i v i d u a l s  o f  T a l o r c h e s t i a  a n d  
T a l i t r u s  h a v in g  a  t o t a l  g i l l  a re a  l e s s  th a n  t h a t  o f  0^  g a m m a re llu s  o f  
a n  e q u i v a l e n t  w e i g h t  ( F ig .  4 .4 b ) . The r e g r e s s i o n  l i n e s  f o r  b o th  
T a l o r c h e s t i a  s p e c i e s  and T a l i t r u s  s a l t a t o r  w ere found  t o  have  th e  sam e 
s lo p e  (0.99) a l th o u g h  t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  in  e l e v a t i o n  
(Fg = 7 5 .7 3 4  ; d . f . ,2 ,5 9 ;  P < 0 .0 1 ). T a l i t r u s  s a l t a t o r  h ad  t h e  s m a l l e s t  
t o t a l  g i l l  a r e a  o f  a l l  t h e  s p e c i e s  i n v e s t i g a t e d .  T he s l o p e  o f  t h e  
r e g r e s s i o n  l i n e  f o r  A r c i t a l i t r u s  d o r r i e n i  ( F i g .  4 .4 a )  w a s  
s i g n i f i c a n t l y  d i f f e r e n t  f ro m  T a l i t r u s  an d  T a l o r c h e s t i a  s p p . (Fg = 
5 .6 8 7 ; d . f . ,3 ,7 8 )  th o u g h  n o t  fro m  th e  o r c h e s t i d s .  A r c i t a l i t r u s  
d o r r i e n i  h a d  t h e  l a r g e s t  t o t a l  g i l l  a r e a  o f  a l l  t h e  s p e c i e s  
i n v e s t i g a t e d .
A l l  o f  t h e  t a l i t r i d s  e x a m i n e d ,  w i t h  t h e  e x c e p t i o n  o f  
A r c i t a l i t r u s , h a d  a  s i g n i f i c a n t l y  s m a l l e r  g i l l  a r e a  t h a n  th e  m ore  
a q u a t i c  a m p h ip o d s  e x a m in e d  by M oore and  T a y lo r  (1984) ( F ig .  4 .5) T he 
t o t a l  g i l l  a r e a  o f  ^  d o r r i e n i  w as s i m i l a r  t o  t h e  i n t e r t i d a l  
E c h in o g a m m a ru s  p i r l o t i  a l t h o u g h  i t  w as s m a l l e r  t h a n  t h a t  f o r  t h e  
Gammarus s p e c ie s  on w h ich  d a ta  e x i s t .
4 .4  DISCUSSION
4.4.1 G e n e ra l  m o r ^ o lo g y
D elage  (1881) and  N e b esk i (1881) w ere th e  f i r s t  t o  com m ent on th e  
m o rp h o lo g y  o f  t a l i t r i d  g i l l s .  N e b e s k i  c o m p a re d  t h e  g i l l s  o f  O. 
g a m m a r e l lu s  w i t h  t h o s e  o f  G am m arus s p p . a n d  n o te d  t h a t  w h i l s t  t h e  
s t r u c t u r e  was e s s e n t i a l l y  th e  same in  b o th , th e  g i l l s  w ere  s m a l le r  and 
m uch  m o re  s o l i d  a n d  s t r o n g e r  i n  O r c h e s t i a .  T h i s  a d d i t i o n a l
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F IG . 4 .5  T he c a l c u l a t e d  r e g r e s s i o n  l i n e s  f o r  t h e  r e l a t i o n s h i p  
b e tw e e n  t o t a l  g i l l  s u r f a c e  a r e a  (mm^) a n d  body  d r y  w e i g h t  (mg) 
f o r  t h e  s e v e n  t a l i t r i d  s p e c i e s ,  t o g e t h e r  w i t h  t h e  r e g r e s s i o n  
l i n e s  c a l c u l a t e d  by Moore and T a y lo r  (1984) f o r  v a r io u s  g am m arid  
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s t r e n g t h e n i n g  may p r o v id e  s u p p o r t  t o  a  s t r u c t u r e  a d a p te d  t o  an  
a q u a t i c  m edium , e n a b lin g  i t  to  fu n c t io n  m ore e f f i c i e n t l y  in  an  a e r i a l  
e n v iro n m e n t. T h is  i s  c o n firm e d  fo r  a l l  th e  s p e c ie s  s tu d i e d ,  w i th  th e  
e x c e p t io n  o f  A r c i t a l i t r u s  in  w hich th e  g i l l s  w ere  v e ry  much e n la rg e d  
com pared  w i th  th e  s u p r a l i t t o r a l  s p e c ie s ,  b e in g  lo b a t e  and c o n v o lu te d . 
N e v e r t h e l e s s ,  t h e i r  s t r u c t u r e  i s  s t i l l  s o m e w h a t t h i c k e r  a n d  m ore  
i r r e g u l a r  i n  o u t l i n e  w hen c o m p a red  w i th  t h e  t h i n  p l a t e  g i l l s  o f  t h e  
gam m arids. T h e s e f e a tu r e s  w i l l  i n e v i ta b ly  a f f e c t  th e  a c c u ra c y  o f  g i l l  
a r e a  m e a s u r e m e n t s  o f  t h i s  s p e c i e s ,  w h ic h  m ay b e  m a r g i n a l l y  
u n d e re s t im a te d .
I t  h a s  Deen c la im e d  t h a t  th e  g i l l s  a r e  p r o te c te d  from  d ry in g  o u t  
by  a  s e c r e t i o n  f ro m  v a r i o u s  g l a n d s  (N e b e s k i ,  1 8 8 1 ; B u ly c h e v a , 1957 
q u o te d  i n  H u r l e y ,  1 9 6 8 ) . A lth o u g h  th e  p r e s e n c e  o f  p o r e s  i n  t h e  
te g u m e n t  o f  0 ^  g a m m a r e l lu s  h a s  r e c e n t l y  b e e n  r e p o r t e d  ( S e l le m  an d  
G ra f , 1982; M oore and F r a n c is ,  1985a), th e  p re s e n c e  o f  su ch  g la n d s  a s  
r e p o r te d  by B u lycheva  h a s  been re g a rd e d  w ith  some s u s p ic io n  (H urley , 
1968). The p r e s e n t  a u th o r  was u n a b le  to  i d e n t i f y  any  s i m i l a r  s t r u c t u r e  
r e s p o n s i b l e  f o r  t h e  m o is t e n in g  o f  t h e  g i l l  s u r f a c e  i n  t h e  s p e c i e s  
exam ined .
4 .4 .2  G i l l  a r e a  d i s t r i b u t i o n
G i l l  s t r u c t u r e  and d ep loym en t p a t t e r n s  a r e  q u i t e  c o n s e r v a t iv e  in  
t h e  t a l i t r i d  s p e c i e s  s t u d i e d .  The o b s e rv e d  d i f f e r e n c e s  i n  r e l a t i v e  
g i l l  s i z e  r e p o r te d  h e re  a r e  re a s o n a b ly  c o n s ta n t  w i th in  th e  b e a c h f le a ,  
s a n d h o p p e r  a n d  m o re  a d v a n c e d  la n d h o p p e r s  e x a m in e d  a n d  c o n f i r m  th e  
o b s e r v a t i o n s  by  F r i e n d  (1980) a n a  B o u s f i e l d  (1 9 8 2 b , p e r s  com m .). The 
g i l l s  a t t a c h e d  to  th e  second  and  s i x t h  p e r a e o p o d s  t o g e t h e r  c o m p r i s e  
a p p ro x im a te ly  h a l f  o f  th e  t o t a l  g i l l  a r e a  T h is  i s  in  f u l l  a g re e m e n t 
w i th  th e  r e s u l t s  o b ta in e d  d u r in g  a  s tu d y  o f  th e  s u b t r o p i c a l  b e a c h f le a  
C h r o e s t i a  l o t a  (M a rs d e n , 1 9 8 5 ). I n  c o n t r a s t ,  t o  t h e  t h r e e  O r c h e s t i a
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s p e c i e s  s t u d i e d ,  h o w e v e r , i n  w h ic h  t h e  a r e a  o f  G.2 i s  g r e a t e r  t h a n  
t h a t  o f  G.6, t h i s  p a t t e r n  i s  r e v e r s e d  in  b o th  th e  san d h o p p ers  and th e  
l a n d h o p p e r  s t u d i e d .  I n  T a l i t r u s , T a l o r c h e s t i a  an d  A r c i t a l i t r u s  ( c f .  
a l s o  C h r o e s t i a  l o t a ;  M arsden, 1985) th e  g i l l  w ith  th e  l a r g e s t  s u r f a c e  
a r e a  i s  th e  p o s te r io r m o s t  (G.6). The p o s t e r io r  g i l l s  w i l l  be p r o t e c t e d  
f ro m  d e s i c c a t i o n  in  t h e  q u i e s c e n t  a n im a l  by f l e x e d  ab d o m en  a n d  
p l e o p o d s .  I n  T a l o r c h e s t i a , s i n c e  a  g r e a t e r  p e r c e n ta g e  o f  t h e  t o t a l  
g i l l  a r e a  i s  i n v e s t e d  i n  b o th  G.5 and  G .6 , t h i s  may c o n f e r  e v e n  
g r e a t e r  d e s ic c a t i o n  r e s i s t a n c e  on th e s e  a n im a ls . In  a q u a t ic  am p h ip o d s , 
s i n c e  t h e  r e s p i r a t o r y  c u r r e n t  p r o c e e d s  i n  an  a n t e r i o r  t o  p o s t e r i o r  
d i r e c t i o n ,  i t  i s  ad v a n ta g e o u s  to  have maximum g i l l  a r e a  c o n c e n t r a te d  
a n t e r i o r l y ,  in  th e  re g io n  o f  h ig h e s t  oxygen a v a i l a b i l i t y  (D ahl, 1977). 
A lth o u g h  t h i s  may a p p ly  to  O r c h e s t ia  s p e c ie s  w hich  a r e  o f t e n  s u b je c t  
t o  v a r i o u s  d e g r e e s  o f  i n u n d a t i o n  a t  h ig h  t i d e ,  i t  i s  c l e a r l y  n o t  
r e l e v a n t  t o  th e  f u l l y  t e r r e s t r i a l  la n d h o p p e rs .
T h e r e f o r e ,  t h e  r e t e n t i o n  an d  in d e e d  p r o l i f e r a t i o n  o f  G.6 i n  A. 
d o r r i e n i  i s  d i f f i c u l t  to  e x p la in  u n le s s  t h e r e  i s  a  s e l e c t i v e  a d v a n ta g e  
in  d e v e lo p in g  su ch  a s t r u c t u r e .  P e r s o n a l  o b s e rv a t io n s  have c o n firm e d  
t h a t  ^  d o r r i e n i  c a r r i e s  a  s m a l l  q u a n t i ty  o f  e x o so m a tic  w a te r  i n  th e  
p o s t e r i o r  s e c t i o n  o f  th e  v e n t r a l  g ro o v e . S p o ra d ic  rh y th m ic  b e a t in g  o f  
th e  e x t a n t  p le o p o d s  (P 1 i s  v e s t i g a l )  c r e a t e s  c o n s id e r a b le  tu rb u le n c e  
i n  t h e  e x o s o m a t ic  w a te r  c a u s in g  G.6 t o  v i b r a t e .  P r e s u m a b ly  t h e  
tu rb u le n c e  c r e a te d  a t  th e  g i l l  s u r f a c e  i s  im p o r ta n t  a s  i t  r e d u c e s  th e  
t h ic k n e s s  o f  th e  boundary  la y e r  t h a t  under n o rm al c ir c u m s ta n c e s  w ould  
im pede oxygen d i f f u s io n  a c r o s s  th e  c u t i c u l a r  s u r f a c e .  I t  i s  s u g g e s te d  
t h a t  t h e  e n la r g e m e n t  (and  p r e s u m a b ly  t h e  i r r e g u l a r  s h a p e )  o f  t h e  
p o s t e r i o r m o s t  g i l l  i n  A. d o r r i e n i , i s  l i n k e d  w i t h  t h e  r e t e n t i o n  o f  
th e  p le o p o d s , and t h a t  to g e th e r  b o th  f e a t u r e s  p ro v id e  th e  a n im a l w i th  
a n  e f f i c i e n t  g a s  e x c h a n g e  o r g a n .  F u r th e r  s t u d i e s  on t h e  f u n c t i o n a l  
m o rp h o lo g y  o f  t h i s  s y s te m  a r e  now u r g e n t l y  r e q u i r e d  t o  c l a r i f y  i t s
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r o l e  i n  th e  r e s p i r a t o r y  p h y s io lo g y  o f  th e s e  a n im a ls .
When t a l i t r i d s  a r e  s t r o n g ly  f le x e d , th e  l a r g e r  and m ore e lo n g a te  
g i l l s  on  P .2  an d  P .6  p r o j e c t  f o r w a r d s  a n d  b a c k w a rd s  i n t o  t h e  a i r ,  
c l e a r  o f  t h e  b o d y . T o g e th e r  w i t h  t h e i r  o b s e r v e d  " t w i s t i n g " ,  t h e s e  
f e a t u r e s  w ould  p re su m a b ly  a llo w  more e f f i c i e n t  g a s  exchange th a n  w ould  
be  p o s s i b l e  a t  G .3 -5 . The W -sh ap e  o f  G.2 may a l s o  be  r e l a t e d  t o  t h e  
m e c h a n ic a l  c o n s t r a i n t s  o f  gnathopod  dep loym en t and s to w ag e  (c f . Moore 
a n d  T a y l o r ,  1984 on  t h e  g a m m a rid s )  p a r t i c u l a r l y  i n  t h e  s t r o n g l y  
s e x u a l ly  d im o rp h ic  fo rm s su ch  a s  O rc h e s t ia .  The re m a in in g  g i l l s  ( G.3 
-  5) a r e  c o n s i d e r a b l y  s m a l l e r  and  l e s s  d i v e r s e  i n  fo rm  th a n  G.2 o r  
G.6 ( e x c e p t  i n  T a l o r c h e s t i a , s e e  a b o v e ) . D r. E.L. B o u s f i e l d  ( p e r s .  
comm.) h a s  s u g g e s te d  t h a t  th e  re a so n  f o r  t h i s  r e d u c t io n  in  s i z e  may be 
a  m e c h a n ic a l one. The r e d u c t io n  may be a  re s p o n s e  to  th e  need  f o r  th e  
s t e r n a l  c a v i t y  t o  be  o c c u p ie d  by a  r a t h e r  l a r g e  b ro o d  p o u c h  ( in  t h e  
f e m a le )  a n d / o r  t o  a v o id  a b r a s i o n  o f  t h e  g i l l  s u r f a c e s  by t h e  
s u b s tra tu m .
D a h l (1977) h a s  s u g g e s t e d  t h a t  t h e  a b s e n c e  o f  G.7 i n  O r c h e s t i a  
may have o c c u r re d  to  p r e v e n t  im pedence o f  p leo p o d  a c t io n .  R e d u c tio n  
i n  g i l l  n u m b e r , h o w e v e r ,  i s  f a i r l y  common among t h e  C r u s t a c e a ,  a n d  
t h e r e  may be m ore th a n  one re a s o n  f o r  i t s  o c c u rre n c e  (H a r tn o l l ,  1964). 
G i l l  7 i s  la c k in g  in  a l l  t e n  f a m i l i e s ,  in c lu d in g  a q u a t ic  ty p e s ,  w i th in  
th e  su p e r  f a m i ly  T a l i t r o i d e a  (Dr. E.L. B o u s f ie ld , p e r s .  comm.).
4 .4 .3  T o t a l  g i l l  a r e a
M oore and  T a y lo r  (1984) found a  r e d u c t io n  o f  t o t a l  g i l l  a r e a  in  
0 . g a m m a re llu s  a s  com pared w ith  o th e r  more m arin e  s p e c ie s .  T h is  s tu d y  
c o n f i r m s  t h e s e  r e s u l t s  f o r  a l l  o f  th e  s p e c i e s  s t u d i e d  w i t h  t h e  
e x c e p t i o n  o f  A r c i t a l i t r u s . T h is  s t r e n g t h e n s  t h e  a rg u m e n t  t h a t  
r e d u c t i o n  o f  t h e  g i l l  a r e a  i n  a m p h ip o d s  c a n  be  c o r r e l a t e d  w i t h  t h e  
c o l o n i s a t i o n  o f  t h e  s u p r a l i t t o r a l  zone  ( B o u s f i e ld ,  19 5 8 ; M oore a n d
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T a y l o r ,  1 9 8 4 ; M a rs d e n , 1 9 8 5 ) . I t  i s  g e n e r a l l y  r e c o g n i s e d  t h a t  t h e  
a b i l i t y  t o  r e g u la te  e v a p o ra t iv e  w a te r  l o s s  r e p r e s e n t s  a  m ajo r f a c t o r  
c o n t r o l l i n g  t h e  c o l o n i s a t i o n  o f  t h e  h i g h e r  s h o r e  l e v e l s  by m a r in e  
i n v e r t e b r a t e s  (N e w e ll ,  1 9 7 9 ) . I t  i s  p l a u s i b l e ,  t h e r e f o r e ,  t h a t  
r e d u c t io n  o f  g i l l  a r e a  in  s u p r a l i t t o r a l  am ghipods may have o c c u r re d  to  
a id  w a te r  c o n s e rv a t io n . T here  i s  e v id e n c e  f o r  th e  p re s e n c e  o f  a  waxy 
l a y e r  i n  t h e  c u t i c l e  o f  som e t a l i t r i d s  ( B o u s f i e ld ,  1 9 8 4 ; M oore a n d  
F r a n c i s ,  1985a). T h is  may n o t ,  how ever, a c t  a s  an  e f f e c t i v e  b a r r i e r  t o  
w a te r  l o s s  s in c e  oxygen u p ta k e  o c c u rs  a c ro s s  th e  g e n e ra l  body s u r f a c e  
an d  i s  n o t  r e s t r i c t e d  t o  t h e  g i l l s  (G ra f  a n d  M a g n ie z , 1 9 6 9 ) . A 
r e d u c t io n  o f  th e  t o t a l  g i l l  a r e a  a s  a  means o f  r e s t r i c t i n g  w a te r  l o s s  
w o u ld  a p p e a r  t o  be  e x p e d i e n t  i n  t h e  f a c e  o f  t h e  a p p a r e n t  h ig h  
p e r m e a b i l i t y  o f  t h e  g e n e r a l  b o d y  s u r f a c e .  The known d e s i c c a t i o n  
r e s i s t a n c e  o f  many o f  th e  t a l i t r i d s  exam ined  in  t h i s  s tu d y , h o w ev er, 
a p p e a r s  t o  be  c o r r e l a t e d  w i t n  t h e i r  t o t a l  g i l l  a r e a .  W a te r  l o s s  i s  
g r e a t e r  a n d  d e s i c c a t i o n  t o l e r a n c e  lo w e r  i n  A r c i t a l i t r u s  s y l v a t i c u s  
th a n  in  0^  g a m m a re llu s  (Lazo-W asem, 1984). I n  c o n t r a s t ,  T a l i t r u s  and  
T a l o r c h e s t i a  d e s h a y e s i i  a r e  m o re  r e s i s t a n t  t o  d e s i c c a t i o n  t h a n  0 . 
g a m m a re llu s  (W illiam so n , 1951a).
T he g i l l  a r e a  o f  ^  d o r r i e n i  i s  g r e a t e r  th a n  t h a t  o f  t h e  
s u p r a l i t t o r a l  am phipods ex am in ed , b u t  i s  s t i l l  red u ced  in  c o m p a riso n  
w i th  a q u a t i c  m arin e  and f r e s h w a te r  s p e c ie s .  The l e a f  l i t t e r  h a b i t a t  
r e t a i n s  m o is tu re  w hich  may r e n d e r  s p e c i f i c  a d a p ta t io n s  in  A r c i t a l i t u s , 
c o n s i d e r e d  e s s e n t i a l  i n  o t h e r  t e r r e s t r i a l  e n v iro n m e n ts , u n n e c e s s a ry  
( s e e  H u r l e y ,  1 9 5 9 , 1968 f o r  d i s c u s s i o n ) .  I n  o r g a n i s m s  w h ic h  a r e  n o t  
s u b j e c t  t o  i n t e n s e  d e s i c c a t i o n  s t r e s s ,  t h e  m e t a b o l i c  e n e r g y  
r e q u i r e m e n t s  may be m et by a e r i a l  g a s  e x c h a n g e  th r o u g h  r e l a t i v e l y  
u n m o d if ie d  g i l l  s t r u c t u r e s  ( N e w e l l ,1 9 7 9 ). B o u s f i e l d  ( p e r s .  comm, i n  
Moore and T a y lo r ,  1984) b e l i e v e s  t h a t  th e  f u n c t io n a l  s ig n i f i c a n c e  o f
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t h e  e n l a r g e d  g i l l s  i n  t h e  r a i n  f o r e s t  s p e c i e s  c a n  be  a t t r i b u t e d  t o  
t h e i r  i m p o r ta n c e  i n  i o n  u p ta k e .  I f  t h i s  i s  s o ,  i t  i s  d i f f i c u l t  t o  
e x p l a i n  why a  p a r a l l e l  s i t u a t i o n  i s  n o t  fo u n d  i n  t h e  f r e s h - w a t e r  
t a l i t r i d  O r c h e s t i a  c a v im a n a . The a n s w e r  may l i e  i n  t h e  f a c t  t h a t  Q. 
cav im an a  i s  r e s t r i c t e d  t o  w e s te rn  E uropean r e g io n s  w here s i g n i f i c a n t  
Na'*’ and C l“  io n s  a r e  p r e s e n t  in  th e  r a i n  and s o i l ,  and in  f r e s h  w a te r  
r u n o f f  from  h a rd w a te r  s o i l s  w h ile  many la n d h o p p e rs  o ccu r i n  hum ic io n -  
p o o r t r o p i c a l  r a i n  f o r e s t s  w here need f o r  o s m o re g u la to ry  s u r f a c e s  i s  
p re su m a b ly  much h ig h e r  (Dr. EJL. B o u s f ie ld , p e r s .  comm.).
I t  h a s  a l s o  b e e n  s u g g e s t e d  t h a t  t h e  l a r g e  g i l l s  o f  t h e  f u l l y  
t e r r e s t r i a l  s p e c i e s  h a v e  b e e n  r e t a i n e d  t o  m a i n t a i n  o x y g e n  a t  a  
n e c e s s a ry  l e v e l  w ith o u t  th e  a id  o f  a  r e s p i r a t o r y  c u r r e n t  (D ahl, 1977). 
Lack o f  oxygen  i s ,  how ever, r a r e l y  a  p rob lem  in  th e  a e r i a l  e n v iro n m e n t 
( L i t t l e ,  1 9 8 3 ) . C e r t a i n l y  o x y g e n  c o n s u m p tio n  i n  0 . g a m m a r e l lu s  i s  
u n a f f e c t e d  by g i l l  e x c i s i o n  ( c h a p te r  3 ) . D uncan  (q u o te d  in  H u r l e y ,  
1968) h a s  f o u n d ,  t h a t  up  to  60% o f  t o t a l  g a s  e x c h a n g e  t a k e s  p l a c e  
a c r o s s  th e  g i l l s  in  t e r r e s t r i a l  h o p p e rs . I t  i s  t h e r e f o r e  d i f f i c u l t  t o  
a s s e s s  th e  v a l i d i t y  o f  r e l a t i n g  oxygen c o n su m p tio n  r a t e s  to  g i l l  a r e a  
i n  a m p h ip o d s  (M a rsd e n , 1985) o r  o t h e r  c r u s t a c e a n  g r o u p s  (A m bore a n d  
V e n k a ta c h a r i ,  1978; B abu la  e t  ^ . ,  1978) w i th o u t  s u f f i c i e n t  know ledge  
o f  e x t r a b r a n c h i a l  r o u t e s  o f  e x c h a n g e , an d  t h e  p e r m e a b i l i t y  o f  t h e  
g i l l  e p i t h e l i u m  o f t e n  sh o w s  o b v io u s  d i v i s i o n  i n t o  o s m o t i c  a n d  
r e s p i r a t o r y  t i s s u e ,  th e  r e l a t i v e  p r o p o r t io n s  o f  w hich  w i l l  a l t e r  th e  
b l o o d - g a s  d i f f u s i o n  a b i l i t y  o f  t h e  g i l l .  A llo w a n c e  f o r  s u c h  a  
p a r t i t i o n  m u s t  be m ade i f  v a l i d  i n t e r s p e c i f i c  c o m p a r is o n s  o f  
f u n c t i o n a l  g i l l  a r e a  a r e  t o  be made. The th ic K n e s s  o f  th e  g i l l  c u t i c l e  
in  0^ g a m m a re llu s  i s  s i m i l a r  to  t h a t  found in  th e  m ore m arin e  Gammarus 
(D a h l, 1 9 7 7 ) ,  w h ic h  in  t h e  c a s e  o f  t h e  l a t t e r  may be t e n  t i m e s  l e s s  
t h a n  t h e  a v e r a g e  c u t i c u l a r  t h i c k n e s s  (M iln e  an d  E l l i s ,  1 9 7 3 ) . S u c h  
s t r u c t u r a l  m o d i f i c a t i o n  h a s  t h e  e f f e c t  o f  m in im is in g  th e  d i f f u s i o n
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d i s t a n c e  a n d  s o  f a c i l i t a t e s  d i f f u s i o n a l  exchange o f  d i s s o lv e d  g a s e s  
a c r o s s  th e  b r a n c h ia l  s u r f a c e .  T h e re fo re , th e  r e d u c t io n  o f  t o t a l  g i l l  
a r e a  may b e  a n  i m p o r t a n t  l i m i t i n g  f a c t o r  i n  b o th  o x y g e n  u p ta k e  a n d  
t r a n s p o r t  i n  t h e  h aem o ly m p h  o f  t h e s e  a n im a l s  ( s e e  c h a p t e r  7 f o r  
d i s c u s s i o n ) .
A lth o u g h  la c k  o f  oxygen i s  r a r e l y  a  p rob lem  in  a i r ,  a i r  b r e a th in g  
a n im a ls  a r e  fa c e d  w ith  g r e a t e r  d i f f i c u l t i e s  in  th e  rem o v a l o f  c a rb o n  
d io x id e  (O'Mahoney and F u l l ,  1984). T here i s ,  h ow ever, l i t t l e  e v id e n c e  
to  s u g g e s t  t h a t  th e  l a r g e r  g i l l  a r e a  in  A. d o r r i e n i  i s  r e l a t e d  t o  th e  
p r o b le m  o f  CO2 e l i m i n a t i o n ,  s i n c e  T a l i t r u s  s a l t a t o r  (a s a n d h o p p e r  
w hich  i s  known to  u n d e r ta k e  e x te n s iv e  n o c tu r n a l  m ig r a t io n s  (B re g a z z i 
and N a y lo r , 1972) and i s  p re su m a b ly  p rone  to  OO2 a c c u m u la tio n  a t  t h i s  
tim e) h a s  th e  s m a l l e s t  t o t a l  g i l l  a r e a  p e r  u n i t  w e ig h t  o f  th e  a n im a ls  
p r e s e n t l y  exam ined .
The p r e s e n t  f in d in g s  s u p p o r t  th e  view  t h a t  t h e r e  i s  a  good s e m i-  
p h y l e t i c  c o n t r a s t  b e tw e e n  b e a c h f l e a s  and  s a n d h o p p e r s  ( B o u s f i e l d ,  
1984). The tw o g ro u p s a r e  c l e a r l y  d i s t in g u is h e d  by th e  c h a r a c t e r i s t i c  
s l o p e  o f  t h e i r  g i l l  a r e a / d r y  body  w e ig h t  r e g r e s s i o n  p l o t s .  A ls o  t h e  
m a rk e d  d i f f e r e n c e  i n  g i l l  a r e a  o f  T a l i t r u s  ( a l s o  T a l o r c h e s t i a ) a s  
com pared  w ith  A r c i t a l i t r u s  h i g h l i g h t s  th e  m o rp h o lo g ic a l  re m o te n e s s  o f  
s a n d h o p p e r s  fro m  l a n d h o p p e r s .  T h i s  q u a n t i t a t i v e  a s s e s s m e n t  o f  g i l l  
p a t t e r n s  f u r t h e r  s t r e n g th e n s  th e  c o n te n t io n  o f  B o u s f ie ld  (1984) o f  th e  
need  t o  rem ove a l l  known la n d h o p p e r  s p e c ie s  from  th e  genus T a l i t r u s .  
The e v o lu t io n a r y  and p h y s io l o g i c a l  s ig n i f i c a n c e  o f  th e s e  f in d in g s  w i l l  
be  d i s c u s s e d  in  th e  l a s t  c h a p te r .
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CHAPTER 5
THE OXYGEN TRANSPORTING PROPERTIES OF THE HAEMOLYMPH OF 
ORCHESTIA GAMMARELLUS AND 0 . MEDITERRANEA*
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5.1 INTRODUCTION
T h e re  i s  a n  e x t e n s i v e  l i t e r a t u r e  on t h e  i n f l u e n c e  o f  v a r i o u s  
f a c t o r s  su ch  a s  pB, te m p e ra tu re ,  p re se n c e  o f  d i v a l e n t  io n s  and l a c t a t e  
a c c u m u la t io n  on  t h e  o x y g e n  t r a n s p o r t i n g  p r o p e r t i e s  o f  t h e  b lo o d  o f  
d e c a p o d  C r u s t a c e a  (H ogben , 1926 ; R e d f i e l d ,  1 9 3 4 ; R edm ond , 1 9 5 5 ; 
L a rim er and R ig g s , 1963; T ru c h o t,  1975; Mangum and T o w le , 1977; B row er 
e t  a l . ,  1978; J o h n s to n  and B eck e r, 1981; Mauro and Mangum, 1982; Mason 
e t ^ . ,  1 9 8 3 ; B r id g e s  ef. a l . ,  1984 ; s e e  a l s o  M angum , 1 9 8 0 , 1 9 8 3 a ; 
T r u c h o t ,  1983  f o r  r e v ie w s )  b u t  o u r  k n o w le d g e  o f  o t h e r  g r o u p s  i s  
s e v e r e l y  l i m i t e d .  Among t h e  i s o p o d s ,  f o r  e x a m p le ,  t h e r e  h a v e  b e e n  a  
few  s t u d i e s  c o n c e r n e d  m a in ly  w i th  e l e c t r o p h o r e t i c  d e s c r i p t i o n s  o f  
haem ocyan in s  (B e r th e t  and B e r th e t ,  1963; W iese r, 1965; A lik h a n , 1971; 
A lik h a n  e t  ^ . ,  1974) o r ,  m ore r e c e n t ly ,  w ith  c o m p a ra t iv e  s tu d i e s  o f  
t h e  a b s o r p t i o n  s p e c t r a  a n d  a m in o  a c id  c o m p o s i t i o n  o f  o n i s c o i d e a n  
i s o p o d s  ( S e v i l l a ,  1 9 7 8 ) . A l th o u g h  som e d a t a  h a v e  r e c e n t l y  b e e n  
p u b l is h e d  on th e  haem ocyan in  oxygen c a r ry in g  c a p a c i ty  and b lo o d  pH o f  
M esid o th ea  en tom on , a  s p e c ie s  w hich o c c u rs  in  th e  B a l t i c  and in  some
S w ed ish  la k e s  (Hagerman and Oksama, 1985) o n ly  th e  s t u d i e s  o f  S e v i l l a  
a n d  L a g a r r ig u e  (1979) on an  e c o l o g i c a l  s e r i e s  o f  w o o d l i c e  a n d  o f  
Jo k u m se n  e t  ^  (1981) on  t h e  g i a n t  A n t a r t i c  i s o p o d ,  G l y p to n o tu s  
a n t a r t i c u s  h a v e  p r o v id e d  d e t a i l e d  i n f o r m a t i o n  on  t h e  r o l e  o f  
haem ocyan in  in  b lo o d  oxygen t r a n s p o r t .
W h ils t  in fo r m a t io n  on th e  iso p o d s  i s  l i m i t e d ,  t h e r e  have b een , to
* Much o f  t h i s  c h a p t e r  i s  e m b o d ie d  in  a  p a p e r  by  T a y l o r ,  A.C. a n d  
J . I .  S p i c e r  (1 9 8 6 )  T h e  o x y g e n  t r a n s p o r t i n g  p r o p e r t i e s  o f  t h e  
haemolymph o f  tw o  s e m i - t e r r e s t r i a l  am phipods, O r c h e s t i a  g a m m a re llu s  
( P a l l a s )  a n d  0 ^  m e d i t e r r a n e a  (C o s ta ) .J ^  e x p . m a r . B i o l .  E c o l . ,  9 7 , 
135 -150 .
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my k n o w le d g e , no s t u d i e s  on  t h e  o xygen  t r a n s p o r t i n g  p r o p e r t i e s  o f  
haem olym ph from  am phipod C ru s ta c e a . The e x is te n c e  o f  haem o cy an in  i n  
t h e  b lo o d  o f  a m p h ip o d s  w as q u e s t i o n e d  by R a w iin s o n  (1937) b u t  w as  
l a t e r  c o n f i r m e d  by M a n w e ll an d  B ak e r (1963) an d  B e r t h e t  a n d  B e r t h e t  
(1 9 6 3 ). The o n ly  o t h e r  i n f o r m a t i o n  o f  any  s o r t  t h a t  i s  a v a i l a b l e  
c o n s i s t s  o f  e l e c t r o p h o r e t i c  d e s c r i p t i o n s  o f  b lo o d  p r o t e i n s  ( i n  
p a r t i c u l a r  th e  v i t e l l o g e n i c  p r o te i n :  se e  C h a rn ia u x -C o tto n  and  P ayen , 
1985 f o r  rev iew ) and c o m p a ra t iv e  d a t a  on h a e m o c y a n in  c o n c e n t r a t i o n s  
( B e r t h e t  a n d  B e r t h e t ,  1 9 6 3 ; W i e s e r , 1965; A l ik h a n  e t  a l . ,  1 9 7 4 ) . T he 
l a c k  o f  i n f o r m a t i o n  on  t h e  p r o p e r t i e s  o f  t h e  h a e m o c y a n in  i n  g r o u p s  
s u c h  a s  t h e  i s o p o d s  a n d  a m p h ip o d s  i s  p r o b a b ly  a t t r i b u t a b l e  t o  t h e  
d i f f i c u l t i e s  o f  o b ta in in g  b lo o d  sam p les  from  such  s m a l l  a n im a ls  and t o  
t h e  v o lu m e s  o f  b lo o o  n e e d e d  f o r  som e o f  t h e  e a r l i e r  t e c h n i q u e s  u s e d  
f o r  o b ta in in g  j n  v i t r o  oxygen d i s s o c i a t i o n  c u rv e s . I n fo r m a t io n  on th e  
r e s p i r a t o r y  p r o p e r t i e s  o f  t h e  h a e m o c y a n in  i n  g r o u p s  o t h e r  t h a n  t h e  
d ecapods i s  u r g e n t ly  r e q u i r e d ,  how ever, i f  we a r e  t o  o b ta in  a  b e t t e r  
u n d e r s t a n d in g  o f  t h e  f u n c t i o n a l  s i g n i f i c a n c e  o f  i n t e r s p e c i f i c  
v a r i a t i o n s  i n  t h e s e  p r o p e r t i e s  w i t h i n  t h e  C r u s t a c e a  a s  a  w h o le .
T h i s  c h a p t e r  s e t s  o u t  t o  e x a m in e  som e a s p e c t s  o f  t h e  o x y g e n  
t r a n s p o r t i n g  p r o p e r t i e s  o f  t h e  b lo o d  in  tw o  s e m i -  t e r r e s t r i a l  
a m p h ip o d s ,  O r c h e s t i a  g a m m a r e l lu s  and  0. m e d i te r ra n e a .  They i n h a b i t  
tw o  d i s t i n c t  z o n e s  h ig h  o n  t h e  s h o r e  o f  t h e  I s l e  o f  C u m b rae  ( s e e  
c h a p t e r  2 f o r  f u l l  d e t a i l s ) .  H e re , th e y  a r e  v e r y  o f t e n  s u b j e c t  t o  
d i f f e r e n t  d e g r e e s  o f  i n u n d a t i o n ,  and  c o n s i d e r a b l e  f r e s h  w a t e r  
i n f l u e n c e  a n d  t e m p e r a t u r e  f l u c t u a t i o n  (R an k in  an d  D a v e n p o r t ,  1 9 8 1 ) . 
The oxygen b in d in g  p r o p e r t i e s  o f  haem ocyanin a r e  u s u a l ly  s e n s i t i v e  to  
t e m p e ra tu re  s h i f t s  (T ru c h o t, 1973; Mauro, 1978; Mangum and Lykkeboe, 
1979) and ch an g es  in  th e  i o n ic  e n v iro n m en t (W heatly  and McMahon, 1981; 
M ason e t  a l . ,  1 9 8 3 ) , b u t  t h e  n a t u r e  o f  th e  r e s p o n s e s  a r e  v e r y  o f t e n
78
d i f f e r e n t  (W eiland  and Mangum, 1975). I t  i s  hoped t h a t  t h i s  s tu d y  w i l l  
s e rv e  a s  a  p r e l im in a r y  i n v e s t i g a t io n  i n to  th e  v a r io u s  ways in  w h ich  
th e s e  f a c t o r s  and t h e i r  i n t e r a c t i o n s  in f lu e n c e  th e  r o l e  o f  haem ocyan in  
a s  an  oxygen c a r r i e r  in  v iv o .
S e c o n d ly ,  p r e v i o u s  w ork  c a r r i e d  o u t  on  som e s e l e c t e d  d e c a p o d s  
(R edm ond, 1 9 6 8 ; B l i s s ,  1 9 68 ; Y oung, 1972) a n d  on  som e o n i s c o i d e a n  
i s o p o d s  ( S e v i l l a  a n d  L a g a r r ig u e ,  1979) s u g g e s t s  t h a t  t h e r e  i s  a  
g e n e r a l  t r e n d  to w a rd s  a  d e c re a s e  in  th e  oxygen a f f i n i t y  o f  th e  p ig m e n t 
a s s o c i a te d  w i th  a d a p ta t io n  to  th e  la n d  h a b i t a t .  S e v i l l a  and L a g a rr ig u e  
(1979) s u g g e s t  t h a t  t h i s  e v o lu t io n  may be r e l a t e d  t o  a  m o rp h o lo g ic a l  
and f u n c t i o n a l  s p e c i a l i s a t i o n  o f  th e  r e s p i r a t o r y  o rg a n s . On th e  o th e r  
h a n d ,  M angum  (1 9 8 2 )  s t a t e s  t h a t  w h en  a n i m a l s  f r o m  t h e  s a m e  
g e o g ra p h ic a l  l o c a t io n  a r e  com pared , t h i s  a s s o c i a t i o n  o f  lo w er oxygen 
a f f i n i t y  w i th  th e  t e r r e s t r i a l  h a b i t  i s  r e v e r s e d  when th e  c r u s ta c e a n s  
a r e  v iew ed  a s  a  w ho le : in  f a c t ,  w i th in  th e  d e cap o d s  a lo n e  th e r e  i s  no 
c le a r  r e l a t i o n s h i p  be tw een  o x y g e n a t io n  p r o p e r t i e s  a n d  th e  n a t u r e  o f  
th e  g a s  exchange  sy s te m .
Moore and T a y lo r  (1984) in  t h e i r  s tu d y  o f  th e  g i l l s  o f  am g^ipods 
in  an  e c o lo g ic a l  s e r i e s ,  have  n o te d  a  r e d u c t io n  in  th e  t o t a l  g i l l  a r e a  
o f  0^  g a m m a re llu s  com pared w ith  o th e r  more m a rin e  am phipods (see  a l s o  
c h a p te r  4). T h is  th e y  a t t r i b u t e d  to  w a te r l e s s  l i m i t a t i o n  and co n c lu d e d  
t h a t  t h e  g i l l  a r e a  r e d u c t i o n  i s  r e l a t e d  t o  t h e  c o l o n i s a t i o n  o f  t h e  
la n d . T h is  i s  in  f u l l  a g re e m e n t w ith  s i m i l a r  s t u d i e s  on th e  d ecap o d s  
( A y e rs ,  1 9 3 8 ; G ra y , 1 9 5 7 ) . F i n a l l y  t h e y  n o t e  t h a t ,  " . . . t h e  f u l l  
s i g n i f i c a n c e  o f  o u r  m o r p h o lo g ic a l  f i n d i n g s . . . . w i l l  o n ly  b ecom e 
a p p a re n t  once  c o m p a ra tiv e  d a ta  on r e s p i r a t i o n  r a t e s ,  b lo o d  haem ocyan in  
c o n te n t  and oxygen a f f i n i t y  become a v a i l a b l e  f o r  th e  s p e c ie s  s tu d ie d ."  
In fo r m a t io n  re g a rd in g  th e  b lo o d  g a s  r e l a t i o n s  o f  0^  g a m m a re llu s  and 0. 
m e d i te r r a n e a  may th ro w  m ore l i g h t  on th e  r e l a t i o n s h i p  be tw een  p ig m e n t 
a f f i n i t y  and  t e r r e s t r i a l  a d a p ta t io n  in  th e  C ru s ta c e a ,
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5.2 MATERIAI5 AND METHODS
5.2.1 A nim al m a t e r i a l
O r c h e s t ia  g a m m a re llu s  and 0^  m e d ite r ra n e a  w ere  c o l l e c t e d  fro m  
M.H.W.S. an d  M.H.W.N. a t  F a r l a n d  B ig h t  (O.S. G r id  r e f .  NS 17 3 2 4 4 1 2 ) , 
B a l l o c h m a r t i n  Bay (O.S. G r id  r e f .  NS 17 318437) a n d  F i n t r a y  Bay (O.S. 
G rid  r e f .  NS 17 331441) on G re a t  Cumbrae I s la n d  in  th e  F i r t h  o f  C lyde . 
T he a n im a l s  w e re  t r a n s p o r t e d  b a c k  to  th e  l a b o r a t o r y  i n  p l a s t i c  b a g s  
c o n ta in in g  some o f  th e  s u b s tr a tu m  in  w hich th e y  w ere  found.
5.2 .2  B lood sa m p le s
A l l  b lo o d  s a m p le s  w e re  t a k e n  fro m  a n im a l s  w i t h i n  12 h o u r s  o f  
c a p t u r e .  O n ly  a n im a l s  c o r r e s p o n d in g  to  t h e  i n t e r m o u l t  s t a g e  C 
( C h a r n i a u x - C o t to n ,  1957) w e re  u se d  i n  t h i s  s t u d y ,  s i n c e  i t  w as  
o b se rv e d  t h a t  in  n ew ly  m o u lte d  a n im a ls , th e  haem ocyan in  c o n te n t  o f  th e  
b lo o d  w as v e r y  lo w  ( s e e  b e lo w ) .  B lo o a  w as t a k e n  u s in g  a  f i n e - t i p p e d  
H a m il to n  g l a s s  s y r i n g e  t o  p u n c tu r e  a  s m a l l  d o r s a l  h o l e  b e tw e e n  t h e  
seco n d  and t h i r d  t h o r a c i c  s o m ite s .  G re a t c a re  w as e x e r c is e d  to  a v o id  
dam ag e  t o  an y  o f  t h e  f a t  b o d i e s  p r e s e n t  b e n e a th  t h e  c u t i c l e  an d  t o  
e n s u re  t h a t  th e  a n im a ls  w ere  d i s tu r b e d  a s  l i t t l e  a s  p o s s ib l e  p r i o r  t o  
b lo o d  sa m p lin g  in  an  a t t e m p t  t o  m in im ise  th e  p o s s ib l e  a c c u m u la t io n  o f  
l a c t a t e  i n  t h e  b lo o d  w h ic h  i s  now known t o  a f f e c t  t h e  o x y g e n  
t r a n s p o r t i n g  p r o p e r t i e s  o f  c r u s t a c e a n  h a e m o c y a n in s  ( T r u c h o t ,  198Ü ; 
B o o th  e t  a l . ,  1 9 8 2 ; M angum, 1 9 8 3 b ; B r id g e s  e t  a l . ,  1 9 8 4 ; M o r r i s  e t  
^ . ,  1 9 8 5 ) .
T he b lo o d  w as d ra w n  up  s lo w ly  i n t o  t h e  s y r i n g e  an d  t h e n  
t r a n s f e r r e d  to  a  1.5 ml E ppendo rf tu b e  s to r e d  on i c e .  Due to  th e  s m a l l  
s i z e  o f  even  th e  l a r g e s t  i n d iv id u a l s  ( f r e s h  w e ig h t ra n g e  40 -  150 m g), 
i t  w as  n o r m a l ly  p o s s i b l e  t o  o b t a i n  o n ly  5 - 1 5  j x l  o f  b lo o d  f ro m  a n
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i n d iv i d u a l  a n im a l. I t  w as th e r e f o r e  n e c e s s a ry  t o  p o o l  b lo o d  from  many 
a n im a ls  to  o b ta in  s u f f i c i e n t  b lood  fo r  s u b s e q u e n t a n a ly s i s .  The p o o le d  
b lo o d  sa m p le  w as th e n  m ixed  th o ro u g h ly , c e n t r i f u g e d  a t  10,000 g f o r  10 
m in u t e s  t o  rem o v e  a n y  c e l l s  and  c o a g u la t e d  p r o t e i n s  an d  s t o r e d  d e e p  
f r o z e n .
5 .2 .3  A n a ly s is  o f  haem olynph io n ic ,  p r o te i n  and l a c t a t e  c o n te n t
T he c o n c e n t r a t i o n  o f  Na"*", K"*", C a^^ a n d  Mg^^ io n s  i n  t h e  b lo o d  
w a s  d e t e r m i n e d  u s in g  a n  a to m ic  a b s o r p t i o n  s p e c t r o p h o t o m e t e r  (Pye 
U n icam  S P 9 0 ). The d i l u t i o n  sch em e  u s e d  i s  o u t l i n e d  i n  F ig .  5 .1 . T he 
c o n c e n t r a t io n  o f  C l“  io n s  was d e te rm in e d  u s in g  a  c h lo r id e  t i t r a t o r  
(E .E .L . 9 2 0 ) . The c o n c e n t r a t i o n s  o f  L - l a c t a t e  i n  t h e  p o o le d  b lo o d  
s a m p le s  w e re  d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  u s in g  th e  m ethod o f  
Gutman and W a h le fe ld  (1974) w ith  th e  m o d if ic a t io n s  used  by Graham e t  
a l . (1 9 8 3 ) . 50 u l  o f  b lo o d  w as d e p r o t e i n i s e d  by t h e  a d d i t i o n  o f  0.3M 
p e r c h l o r i c  a c i d  an d  c e n t r i f u g e d  a t  1 0 ,0 0 0  g f o r  15 m in u t e s .  T he 
r e s u l t a n t  s u p e r n a t a n t  w as n e u t r a l i s e d  w i t h  KHCO^, an d  50 j i l  w e re  
rem oved t o  a n  E ppendorf tu b e  (1.5 ml) c o n ta in in g  1000 j x l  o f  H y d ra z in e /  
G l y c in e  b u f f e r  an d  50 ^ 1  o f  NAD"*" (40 mM). The enzym e l a c t a t e  
d e h y d r o g e n a s e  (5 mM) w as t h e n  a d d e d . The r e s u l t a n t  m ix t u r e  w as  
i n c u b a t e d  i n  a  w a t e r b a t h  a t  37^C f o r  on e  h o u r  b e f o r e  th e  a b s o r b a n c e  
w as r e a d  on a  Pye-U nicam  PU 8600 s p e c tro p h o to m e te r  a t  340 nm. L a c ta te  
c o n c e n t r a t io n  in  th e  b lo o d  sam p le  was c a lc u la t e d  u s in g  th e  e x t i n c t i o n  
c o e f f i c i e n t  (E^^^) f o r  l a c t a t e  o f  6.22 ^ o l e s . m l ” ^.
M easu rem en ts  w ere  a l s o  made o f  th e  t o t a l  p r o t e i n  c o n c e n t r a t io n  o f  
b lo o d  s a m p le s  f ro m  37 i n d i v i d u a l  a n im a l s  an d  o f  t h e  p o o le d  b lo o d  
s a m p le s  u s in g  th e  C oom assie  B lue m ethod (Read and N o r th c r o f t ,  1981). 
The b lo o d  s a m p le s  (5 -  10 y i l)  w e re  d i l u t e d  w i t h  100 -2 0 0  yml o f  
d i s t i l l e d  w a te r  and 50 JJlL o f  th e  r e s u l t i n g  s o lu t i o n  was t r a n s f e r r e d  to  
a  s p e c t r o p h o t o m e t r i c  c e l l  (v o lu m e = 1 .0  m l; p a t h  l e n g t h  = 1cm)
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FIG. 5.1 D i lu t io n  schem e u sed  f o r  m ea su rin g  th e  c o n c e n t r a t io n  o f  
th e  m ajo r io n s  in  th e  haem olym ph o f  O r c h e s t ia  g a m m a re llu s  and 0 . 
m e d i te r r a n e a .
DILOTION SCHEME
Io n  a n a ly s e d
(A) 0 .1  ml haemolyirph + 1 .0  ml d i s t i l l e d  w a te r
(B) 0 .5  ml o f  d i l u t i o n  (A) + 5ml d i s t i l l e d  w ater-




1 ml o f  d i l u t i o n  (B) + 50 ml d i s t i l l e d  w ater- Na^
t o g e t h e r  w i t h  9 5 0 yiil o f  C o o m a ss ie  r e a g e n t .  T he s o l u t i o n  w as r a p i d l y  
m ix e d  a n d  l e f t  f o r  10 m in u te s  a t  room  t e m p e r a t u r e  b e f o r e  t h e  
e x t i n c t i o n  a t  595  nm w a s  m e a s u r e d  o n  a  P y e - U n ic a m  PU 8 6 0 0  
s p e c t r o p h o tc m e te r .
5 .2 .4  B lood pH and  oxygen c o n te n t  m easurem ents
The pH o f  th e  p o s t - b r a n c h ia l  b lo o d  w as d e te rm in e d  in  34 a n im a ls  
a s  d e s c r i b e d  a b o v e  b u t  i n s t e a d  o f  d r a w in g  t h e  b lo o d  s a m p le  i n t o  a  
s y r in g e ,  th e  b lo o d  w as d raw n  d i r e c t l y  i n to  th e  c a p i l l i a r y  pH e l e c t r o d e  
o f  a  R a d io m e te r  BMS2 w h ic h  w as c o n n e c te d  t o  a  PHM73 pH m e te r  
(R a d io m e te r , Copenhagen). As th e  e le c t r o d e  c a p a c i ty  i s  a p p ro x im a te ly  
30 j j i l  and th e  maximum b lo o d  volume o b ta in e d  from  th e  l a r g e s t  t a l i t r i d  
w as  r a r e l y  i n  e x c e s s  o f  15 jU l, th e  e x t r a  v o lu m e  w as m ade up w i t h  KCl 
e l e c t r o l y t e .  I f  an y  o b v io u s  m ix in g  to o k  p l a c e  a t  t h e  b lo o d /K C l  
i n t e r f a c e ,  th e  r e s u l t  was d isc o u n te d . The r e l i a b i l i t y  o f  t h i s  m ethod 
was v e r i f i e d  u s in g  b o th  s m a l l  and l a r g e  sa m p le s  o f  haem olym gb, f r e s h l y  
e x t r a c t e d  from  l a r g e  m ale  s h o re  c ra b s  (C a rc in u s  m aenas).
The BMS2, t h e r m o s ta t t e d  a t  lO^C, w as a l s o  used  to  to n o m e te r  b lo o d  
sa m p le s  w i th  a i r  and th e  t o t a l  oxygen c o n te n t  o f  th e  b lo o d  (C02) w as 
d e t e r m i n e d  i n  10 yul s a m p le s  u s in g  t h e  m e th o d  o f  T u c k e r  (1967) a s  
m o d if ie d  by B r id g e s  e t  (1979). 'Hie oxygen c a r r y in g  c a p a c i ty  o f  th e  
h a e m o c y a n in  (^]^qy0 2 ) w as th e n  c a l c u l a t e d  by s u b t r a c t i o n  o f  t h e  
p h y s i c a l ly  d i s s o lv e d  f r a c t i o n  (see below ).
5 .2 .5  Oxygen d i s s o c i a t i o n  c u rv e s
I n  v i t r o  oxygen d i s s o c i a t i o n  c u rv e s  f o r  th e  b lood  o f  b o th  s p e c i e s  
w e re  c o n s t r u c t e d  a t  t h r e e  t e m p e r a t u r e s ,  v i z .  1 0 , 15 an d  18^C . T he 
b lo o d  w as t o n o m e te r e d  i n  a  R a d io m e te r  BMS2 a t  t h e  a p p r o p r i a t e  
te m p e ra tu re  w i th  g a s  m ix tu re s  s u p p lie d  by p r e c i s io n  g a s  m ix in g  pum ps 
( W o s th o f f ,  B ochum , F .R .G .). A f t e r  20 -  30 m in u te s  e q u i l i b r a t i o n ,  t h e  
o x y g e n  c o n t e n t  o f  a  10 u l  s a m p le  o f  b lo o d  w as d e te r m in e d  u s in g  t h er
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m ethod o f  B r id g e s  e t  a l .  (1979) in  w hich p o ta s s iu m  c y a n id e  i s  u se d  to  
r e l e a s e  O2 bound to  th e  haem ocyan in . H ie t o t a l  oxygen c o n te n t  o f  th e  
b lo o d  sam p le  w as c a l c u l a t e d  u s in g  th e  fo llo w in g  e q u a tio n : -
T o ta l  oxygen c o n te n t  (C^(^02= POg /7 6 0  x aCN" x Ch.V. x 1 0 0 /g  y^
w here  aCN“  = S o l u b i l i t y  c o e f f i c i e n t  f o r  oxygen in  KCN~ w h ich  a t  30^C = 
0 .0261
Ch.V = Chamber Volume (300 j i l )
S .V . = Sample Volume (^1)
P02 = P02 (KCN^+Blood) -  P02 (KCN") x (Ch.V -  S .V .) /^ ^  y
The h a e m o c y a n in -b o u n d  o x y g e n  c o n t e n t  o f  t h e  b lo o d  s a m p le  w as 
c a l c u l a t e d  from  th e  fo l lo w in g  e q u a t io n :-
Bound O2 = T o ta l  O2 c o n te n t  -  p h y s ic a l ly  d is s o lv e d  O2
(U n its  = m is o f  oxygen p e r  100 ml o f  b lood)
The p h y s ic a l ly  d i s s o lv e d  oxygen in  a  p h y s io lo g ic a l  s a l i n e  h a v in g  
an  i o n i c  con^^çoi^l t i o n  a p p ro x im a te  to  th e  b lood  sam ple  w as m easu red  a t  
v a r io u s  p a r t i a l  p r e s s u r e s  o f  oxygen u s in g  th e  Tucker c e l l  a s  o u t l i n e d  
above. The v a lu e s  o b ta in e d  w ere  ta k e n  to  be e q u iv a le n t  t o  th e  am ount 
o f  oxygen  p h y s ic a l ly  d i s s o lv e d  in  th e  b lood  a t  th e  a p p r o p r ia t e  p a r t i a l  
p r e s s u r e s .
V a lu e s  o f  %CY02 c a l c u l a t e d  f o r  b lood  e q u i l i b r a t e d  to  a  ra n g e  o f  
o x y g e n  t e n s i o n s  w e r e  c a l c u l a t e d  a n d  e x p r e s s e d  a s  p e r c e n t a g e  
s a t u r a t i o n .  The P^q a n d  c o o p e r a t i v i t y  (h^q) o f  t h e  b lo o d  w e re  
e s t im a te d  from  th e  r e g r e s s io n  l i n e s  fo r  th e  s a tu r a t i o n  v a lu e s  (b e tw een  
25 - 7 5  % s a t u r a t i o n )  a c c o r d i n g  t o  t h e  H i l l  e q u a t i o n .  B lo o d  pH w as 
v a r i é e  by a l t e r i n g  th e  p a r t i a l  p r e s s u r e  o f  CO2 in  th e  g a s  m ix tu r e s  and 
th e  pH o f  th e  b lood  n e a r  th e  P^q was m easured  u s in g  th e  c a p i l l  a ry  pH
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e l e c t r o d e  o f  a  R ad io m e ter BMS2.
The e f f e c t  o f  te m p e ra tu re  on th e  oxygen t r a n s p o r t in g  p r o p e r t i e s  
o f  t h e  b lo o d  w as i n v e s t i g a t e d  by c a l c u l a t i n g  t h e  c h a n g e  i n  e n t h a l p y  
(Ah ) a c c o m p a n y in g  o x y g e n a t i o n  o f  h a e m o c y a n in  w i th  r e s p e c t  t o  t h e  
te m p e ra tu re  change a t  a  c o n s ta n t  pH (7.8) u s in g  th e  e q u a tio n
A h = ( -2 .3 0 3  X R X lo g  P ^y) /  ( 1 /^ ^  -  1/^% ) k J .m o le ” ^
w here  R i s  th e  g a s  c o n s ta n t  and T th e  a b s o lu te  te m p e ra tu re .
5 .2 .6  F u r th e r  i n v e s t i g a t io n s  on O. gam m arellu s
D uring  p r e l im in a r y  s t u d i e s  on th e  b lo o d  o f  th e s e  am phipods i t  w as 
o b s e rv e d , in  O .g am m are llu s , t h a t  th e  oxygen t r a n s p o r t in g  p r o p e r t i e s  o f  
th e  b lo o d  v a r ie d  som ew hat a c c o rd in g  t o  th e  e x a c t  lo c a t io n  on th e  s h o re  
fro m  w hich  th e  a n im a ls  w ere  c o l l e c t e d .  F u r th e r  s tu d ie s  w ere  t h e r e f o r e  
c a r r i e d  o u t  to  exam ine t h i s  in  m ore d e t a i l .  O rc h e s t ia  g a m m a re llu s  w ere  
c o l l e c t e d  fro m  tw o  l o c a t i o n s  on  t h e  s h o r e :  t h e  f i r s t  g r o u p  f ro m  
b e n e a th  ro c k s  and sh o re  d e b r i s  ly in g  on th e  g r a s s  v e rg e  b o rd e r in g  th e  
b each  w e l l  above M.H.W.S. (AHW a n im a ls ) ;  th e  second  g roup  from  b e n e a th  
r o c k s  a n d  s to n e s  i n  t h e  z o n e  o c c u p ie d  by th e  a l g a ,  P e l v e t i a  c a n a l i -  
c u l a t a  (L.) D ic n e  e t  T h u r . a t  t h e  lo w e r  l i m i t  o f  t h e  a m p h ip o d s ' 
d i s t r i b u t i o n  on th e  s h o re  (BHW a n im a ls ) .  The a n im a ls  w ere r e tu r n e d  t o  
t h e  l a b o r a t o r y  and  b lo o d  s a m p le s  t a k e n  im m e d ia te ly  u s in g  t h e  
p ro c e d u re s  d e s c r ib e d  above.
The c o n c e n t r a t io n s  o f  th e  m ajo r io n s  in  th e  b lood  w ere  d e te rm in e d  
a n d  v i t r o  d i s s o c i a t i o n  c u r v e s  c o n s t r u c t e d  u s in g  t h e  t e c h n i q u e s  
d e s c r i b e d  p r e v i o u s l y .  F u r t h e r  e x p e r im e n t s  w e re  c a r r i e d  o u t  t o  
i n v e s t i g a t e  t h e  e f f e c t  o f  d i f f e r e n c e s  i n  t h e  i o n i c  c o n c e n t r a t i o n  o f  
t h e  b lo o d  on th e  o x y g e n  t r a n s p o r t i n g  p r o p e r t i e s  o f  th e  h a e m o c y a n in .  
D uring  th e s e  e x p e r im e n ts , sa m p le s  o f  p o o led  b lood  (800 -  1500 j i l )  fro m  
BHW a n im a l s  w e re  d i a l y s e d  a g a i n s t  d i f f e r e n t  p h y s i o l o g i c a l  s a l i n e  
s o lu t i o n s .  Blood from  BHW a n im a ls  was d ia ly s e d  a g a in s t  a  s a l i n e  h a v in g
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a n  i o n i c  c o m p o s i t i o n  i d e n t i c a l  to  t h a t  o f  AHW a n i m a l s .  I n  a  s e c o n d  
e x p e r im e n t , b lo o d  from  BHW a n im a ls  was d ia ly s e d  a g a in s t  a n o th e r  s a l i n e  
w h ich  had  an  io n ic  c o m p o s i t io n  i d e n t i c a l  t o  th e  f i r s t  e x c e p t  t h a t  th e  
c o n c e n t r a t io n  o f  c a lc iu m  io n s  was in c re a s e d  to  th e  sam e c o n c e n t r a t io n  
a s  i n  t h e  b lo o d  o f  BHW a n im a ls .  A c o n t r o l  e x p e r i m e n t  w as a l s o  
p e r f o r m e d  i n  w h ic h  b lo o d  f ro m  BHW a n im a ls  w as d i a l y s e d  a g a i n s t  a  
p h y s io lo g ic a l  s a l i n e  th e  i o n ic  co m p o s itio n  o f  w h ich  was i d e n t i c a l  to  
t h a t  o f  th e  b lo o d  o f  BHW a n im a ls . The b lo o d  sa m p le s  w ere  d i a ly s e d  f o r  
24 h o u rs  a t  5^C in  500 m l o f  s a l i n e  s o lu t io n .  The s o lu t i o n  w as g e n t ly  
s t i r r e d  d u r in g  th e  d i a l y s i s  p e r io d  and w as a l s o  c o v e re d  t o  m in im is e  
e v a p o r a t i v e  w a t e r  l o s s .  F o l lo w in g  a i a l y s i s ,  d i s s o c i a t i o n  c u rv e s  f o r  
e a c h  o f  th e  b lo o d  s a m p le s  w ere  c o n s tru c te d  u s in g  th e  above p ro c e d u re .
5 .3  RESULTS
5 .3 .1  I o n ic  c o n p o s i t io n  o f  th e  b lood
Mean v a lu e s  f o r  th e  c o n c e n t r a t io n  o f  Na'*’, K"*”, C a^^, Mg^^ and C l“  
io n s  i n  p o o led  b lo o d  s a m p le s  o f  0 ^  g a m m are llu s  and  0 ^  m e d i te r r a n e a  a r e  
g iv e n  i n  T a b le  5.1. T h e re  w ere  o n ly  sm a ll  d i f f e r e n c e s  in  c o n c e n t r a t io n  
b e tw e e n  t h e s e  tw o  s p e c i e s ,  n o n e  o f  w h ic h , w i t h  t h e  e x c e p t i o n  o f  t h e  
C l”  an d  Na"  ^ i o n  c o n c e n t r a t i o n s ,  w e re  s i g n i f i c a n t l y  d i f f e r e n t .  The 
c o n c e n t r a t io n  o f  Na"  ^ and C l”  io n s  in  th e  b lo o d  o f  0^  m e o i te r r a n e a  w as 
som ew hat lo w e r th a n  in  0^  g a m m are llu s .
T h e  v a l u e s  i n  T a b le  5 .1  a r e  f o r  b lo o d  s a m p le s  o b t a i n e d  f ro m  
a n i m a l s  c o l l e c t e d  f ro m  t h o s e  a r e a s  o f  t h e  s h o r e  a t  w h ic h  t h e y  w e re  
m o st ab u n d an t and have  t h e r e f o r e  been ta k e n  t o  r e p r e s e n t  t h e  t y p i c a l  
c o n c e n t r a t i o n s  o f  t h e s e  i o n s  i n  t h e  b lo o d  o f  t h e s e  tw o  s p e c i e s .  
O r c h e s t i a  g a m m a r e l lu s  w e re  o c c a s i o n a l l y  f o u n d ,  h o w e v e r ,  i n  s m a l l  
g r o u p s  u n d e r  l a r g e  r o c k s  o r  s h o r e  d e b r i s  m u ch  h i g h e r  i n  t h e
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TAB. 5 .1  T he c o n c e n t r a t i o n  o f  t h e  m a jo r  i o n s  a n d  o f  p r o t e i n  i n  
th e  b lo o d  o f  O r c h e s t ia  g a m m a re llu s  and 0^  m e d i te r r a n e a  c o l l e c t e d  
fro m  th e  m id d le  o f  t h e i r  d i s t r i b u t i o n s  on th e  s h o re . V a lu e s  a r e  
m e a n s  + S.D. o f  5 a n d  3 p o o le d  b lo o d  s a m p le s  r e s p e c t i v e l y .  I n  
v iv o  pH v a l u e s  f o r  t h e  b lo o d  o f  b o th  s p e c i e s  a r e  a l s o  g i v e n  (n = 
1 0 - 1 5 ) .
0 .  gam m are llu s 0 .  m e d i te r r a n e a
Na"*" mmol.l'"^ 5 4 8 .8  + 4 6 .8 5 0 0 .3  + 2 6 .0
K+ 1 7 .9  + 2 .7 1 5 .6  + 1 .2
Ca^ + 1 5 .5  + 3 .2 1 3 .4  + 2 .5
2 3 .9  + 4 .0 2 1 .8  + 2 .0
Cl" 5 5 8 .2  + 5 9 .1 4 9 2 .0  + 3 .1
Total protein mg.ml"^ 2 2 .1  + 1 .5 2 3 .0  + 1 .7
pH 7 .8 3  + 0 .1 6 7 .8 7  + 0 .1 0
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s u p r a l i t t o r a l  zone (AHW a n im a ls )  (see  a l s o  c h a p te r  5). A lth o u g h  th e y  
w ere  n o t  ab u n d an t a t  th e s e  l o c a t io n s ,  b lood  sa m p le s  w ere o b ta in e d  from  
t h e s e  a n i m a l s  t o  c o m p a re  i o n i c  c o m p o s i t i o n  w i t h  t h a t  o f  p o o le d  
sa m p le s  from  th e  lo w e r  s h o re  BHW a n im a ls  H ie r e s u l t s  o f  th e s e  a n a ly s e s  
a r e  p r e s e n te d  in  T a b le  5 .2 .
The c o n c e n t r a t io n s  o f  th e  m ajor io n s  in  th e  b lood  o f  BHW a n im a ls
( T a b le  5 .2) w e re  a l m o s t  i d e n t i c a l  t o  t h o s e  i n  t h e  b lo o d  o f  a n i m a l s
c o l l e c t e d  from  th e  m id d le  o f  t h e i r  o cc u p ie d  zone on th e  s h o re  (T ab le
5 .1 ). The c o n c e n t r a t io n s  o f  th e s e  io n s , h ow ever, w ere v e ry  d i f f e r e n t
from  th o s e  in  b lo o d  s a m p le s  from  AHW a n im a ls . The c o n c e n t r a t io n s  o f
Na"*”, C l”  a n d  C a^^  i o n s  i n  p a r t i c u l a r  w e re  v e r y  m uch lo w e r  i n  t h e
b lo o d  o f  AHW a n im a ls . The r e d u c t io n  in  th e  c o n c e n t r a t io n s  o f  Ca^ "** and 
2+Mg io n s  in  th e  b lo o d  o f  AHW a n im a ls  was e s p e c i a l l y  i n t e r e s t i n g  s in c e  
t h e s e  i o n s  a r e  know n t o  p l a y  an  i m p o r t a n t  r o l e  i n  m o d u la t in g  t h e  
r e s p i r a t o r y  p r o p e r t i e s  o f  t h e  h a e m o c y a n in  ( T r u c h o t ,  1 9 7 3 , 1 9 75 ; 
W e ila n d  an d  M angum, 1 9 7 5 ; Mangum and  T o w le , 1 9 77 ; B ro w e r e ^  a l . ,  
1 9 7 8 ; M ason e t  £ l . ,  1 9 8 3 ) . The r e s u l t s  o f  i n v e s t i g a t i o n s  o f  t h e  
e f f e c t s  o f  th e  d i f f e r e n c e s  in  io n ic  c o m p o s itio n  o f  th e  b lood  on haemo­
c y a n in  oxygen t r a n s p o r t  a r e  g iv e n  below .
5 .3 .2  B lood p r o t e i n  and  oxygen  c a r ry in g  c a p a c i ty
V a lu e s  f o r  in  v iv o  pH, p r o t e i n  and  h a e m o c y a n in  o x y g e n  c a r r y i n g  
c a p a c i ty  (C^qy^ 2  ^ o f  th e  b lo o d  o f  g a m m a re llu s  and 0^ m e d i te r r a n e a  
a r e  a l s o  show n  i n  T a b le  5 .1 . No s i g n i f i c a n t  d i f f e r e n c e s  w e re  fo u n d  
b e tw e en  th e s e  v a lu e s  in  th e  tw o s p e c ie s  ( t - t e s t ,  P=0.05). T h e re  was a  
s l i g h t  d i f f e r e n c e  i n  t h e  p r o t e i n  c o n c e n t r a t i o n  o f  t h e  b lo o d  o f  Q. 
g a m m a r e l lu s  c o l l e c t e d  f ro m  w e l l  ab o v e  t h e  H ig h  W a te r  M ark (AHW 
a n im a ls )  an d  t h a t  o f  a n i m a l s  c o l l e c t e d  f ro m  t h e  m id d le  o f  t h e i r  
d i s t r i b u t i o n  on  t h e  s h o r e  b u t  t h i s  d i f f e r e n c e  was n o t s t a t i s t i c a l l y
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TAB. 5 .2  T he c o n c e n t r a t i o n s  o f  t h e  m a jo r  i o n s  a n d  o f  t o t a l  
p r o t e i n  i n  t h e  b lo o d  o f  O r c h e s t i a  g a m m a r e l lu s  c o l l e c t e d  f ro m  
a b o v e  MHWN (AHW a n im a ls )  an d  f ro m  t h e  lo w e r  l i m i t  o f  t h e i r  
d i s t r i b u t i o n  on th e  s h o re  (BHW a n im a ls ) .  V a lu e s  a r e  m eans + SJD. 
(n = 10) f o r  p o o le d  b lo o d  s a m p le s .  ^  v i v o  pH v a l u e s  f o r  t h e  
b lo o d  o f  AHW a n im a ls  a r e  a l s o  shown.
BHW a n im a ls  AHW a n im a ls
Na'*’ m rao l.l"^ 550 .7  + 2 8 .2 3 4 7 .0  + 1 7 .8
K+ 1 8 .4  + 1 .5 1 4 .1  + 0 .8
Ca^+ 1 7 .1  -  3 -4 9 .2  + 2 .2
M92+ 2 4 .3  + 2 .9 1 9 .1  + 3 .3
c r 5 6 7 .1  ^  31 .7 2 7 9 .3  + 1 4 .2
T o ta l  p r o t e i n  mg.ml V 2 2 .4  + 2 .9 2 7 .1  + 6 .3
pH 7 .8 3  + 0 .1 6 7 .6 3  + 0 .1 2
S%
s i g n i f i c a n t  (T a b le  5 .1 ) .  I t  w as fo u n d , h o w e v e r ,  t h a t  t h e  pH o f  t h e  
b lo o d  o f  AHW a n im a ls  w as s i g n i f i c a n t l y  lo w e r th a n  t h a t  o f  BHW a n im a ls  (J?<oo 
( T a b le  5 .2 ) .
The oxygen c a r r y in g  c a p a c i ty  o f  th e  haem ocyan in  (C^CY^2) b o th  
s p e c i e s  w as q u i t e  lo w , 0 .74  + 0 .20 (n = 40) an d  0 .69  + 0 .1 6  (n = 26) 
ml.lOO ml ^ (0.33 ^ m o l.m l ^ and 0.31 ^umol.ml” ^) in  0^ g a m m a re llu s  and
0 . m e d i t e r r a n e a  r e s p e c t i v e l y .  T h e re  w as no s i g n i f i c a n t  d i f f e r e n c e  
b e tw e e n  t h e s e  v a l u e s  ( t - t e s t ,  P = 0 .0 5 ). C a l c u l a t i o n s  o f  t h e  o x y g e n  
c a r r y in g  c a p a c i ty  from  th e  v a lu e s  f o r  p r o t e i n  c o n c e n t r a t i o n s  o f  t h e  
b lo o d  w e re  w o rk e d  o u t  by  a s s u m in g  t h a t  h a e m o c y a n in  r e p r e s e n t e d  
a p p ro x im a te ly  80% o f  th e  t o t a l  p r o te in  c o n te n t  o f  th e  b lo o d  (W ie se r ,
1965) and t h a t  th e  oxygen b in d in g  s i t e  in  t h i s  s p e c ie s  h as  a  m o le c u la r  
w e i g h t  o f  7 5 ,0 0 0  d a l t o n s  i n  common w i t h  m any o t h e r  c r u s t a c e a n s  
(M angum , 1 9 8 3 a ) . The c a l c u l a t e d  v a lu e s  t h u s  o b t a i n e d  w e re  i n  g o o d  
a g re e m e n t w i th  th e  m easu red  v a lu e s .
5 .3 .3  Lack o f  p ig m en t i n  0 ^  m e d ite r ra n e a
D uring  t h i s  s tu d y  i t  w as o c c a s io n a l ly  found t h a t  th e  b lo o d  o f  0 . 
m e d i te r r a n e a  was a lm o s t  c o m p le te ly  la c k in g  in  haem ocyanin . The p r o t e i n  
c o n c e n t r a t i o n  o f  s u c h  b lo o d  w as e x t r e m e l y  lo w  (0 .05  m g .m l” ^) a n d  
o x y g e n  d i s s o c i a t i o n  c u r v e s  c o n s t r u c t e d  f o r  t h i s  b lo o d  w e re  n o t  
s i g m o i d a l  ( F ig .  5 .2 ) .  When t h e  b lo o d  w as e q u i l i b r a t e d  a g a i n s t  g a s  
m i x t u r e s  c o n t a i n i n g  d i f f e r e n t  p a r t i a l  p r e s s u r e s  o f  o x y g e n  a n d  t h e  
t o t a l  o x y g e n  c o n t e n t  o f  t h e  b lo o d  c a l c u l a t e d ,  a  s im p l e  l i n e a r  
r e l a t i o n s h i p  w as o b ta in e d  w h ich  was a lm o s t  i d e n t i c a l  to  t h a t  o b ta in e d  
u s in g  e i t h e r  s e a w a te r  o r  a  p h y s i o l o g i c a l  s a l i n e  s o l u t i o n .  B lo o d  
s a m p le s  ta k e n  a b o u t tw o m on ths l a t e r  (May) from  th e  same p o p u la t io n  o f  
a n i m a l s  h a d  n o rm a l  o x y g e n  c a r r y i n g  c a p a c i t i e s  an d  g a v e  t y p i c a l l y  
s ig m o id a l  d i s s o c i a t i o n  c u rv e s .
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FIG . 5 .2  T he m ean  o x y g e n  c a r r y i n g  c a p a c i t y  o f  t h e  b lo o d  o f  
O r c h e s t ia  g a m m a re llu s  and m e d i te r ra n e a  w as a p p ro x im a te ly  1.2 
ml.lOO m l"^ . I t  w as fo u n d , how ever, t h a t  in  many n ew ly  m o u lte d  0. 
m e d i te r ra n e a  (■) th e  b lo o d  c o n ta in e d  v e ry  l i t t l e  h aem o cy an in  w i th  
t h e  r e s u l t  t h a t  t h e  o x y g e n  c a r r y i n g  c a p a c i t y  o f  t h e  b lo o d  w as 
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5 .3 .4  Oxygen d i s s o c i a t i o n  c u rv e s
O x y g e n  d i s s o c i a t i o n  c u r v e s  f o r  t h e  n a t i v e  b l o o d  o f  O. 
g a m m a r e l lu s  a t  lü ^C  a r e  show n in  F ig .  5 .3 . T h e re  w as v e r y  l i t t l e  
d i f f e r e n c e  i n  e i t h e r  t h e  o x y g en  a f f i n i t y  o r  t h e  s i z e  o f  t h e  B oh r 
e f f e c t  b e tw e e n  t h e  tw o  s p e c i e s .  The b lo o d  o f  0 ^  g a m m a r e l lu s  a n d  
Q .m e d ite r ra n e a  had a  m o d e ra te ly  h ig h  oxygen a f f i n i t y .  The P^q m easu red  
a t  t h e  i n  v iv o  pH (pH = 7 .8) w as 9.7 and  10 ,3  T o r r  i n  0 . g a m m a r e l lu s  
and  0 . m e d i te r r a n e a  r e s p e c t iv e ly .  The r e l a t i o n s h i p s  be tw een  P^q and  pH 
o f  t h e  b lo o d  o f  0 .  g a m m a r e l lu s  and  0 . m e d i t e r r a n e a  a r e  show n  i n  P ig .  
5 .4 . The b lo o d  o f  b o th  s p e c ie s  d e m o n s tra te d  a  n o rm a l Bohr e f f e c t .  The 
B ohr f a c t o r  (A log P ^ g /A p H )  a t  lO^C h ad  a  v a lu e  o f  - 0 .8 4  i n  0 .  
g a m m a re llu s  and -0 .8 1  in  0^ m e d ite r ra n e a . C o v a ria n c e  a n a ly s i s  o f  th e s e  
d a ta  d e m o n s tra te d  t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  in  th e  s i z e  
o f  t h e  B ohr f a c t o r  b e tw e e n  th e  tw o  s p e c i e s .  I n  0 . g a m m a r e l lu s  an d  Q. 
m e d i t e r r a n e a n t n e  o x y g e n  a f f i n i t y  o f  t h e  b lo o d  r e m a in e d  a l m o s t  
i n d e p e n d e n t  o f  t e m p e r a t u r e  in  t h e  r a n g e  10 -  IB^C (F ig . 5 .4 ) .  A t pH = 
7 .8  t h e  c a l c u l a t e d  v a l u e s  f o r  a' h b e tw e e n  10 -  18^0  w e re  - 1 1 .7  a n d  -
21.3 kJ.mole*"^ in  0^ g a m m a re llu s  and 0^ m e d i te r ra n e a  r e s p e c t iv e ly .
The c o o p e r a t i v i t y  (n^g) o f  th e  haem ocyan in  in  b o th  O .g am m are llu s  
a n d  0 ^  m e d i t e r r a n e a  w as q u i t e  low  an d  w as l a r g e l y  i n d e p e n d e n t  o f  pH 
w i t h i n  t h e  pH r a n g e  7 .2  -  8 .2 . C o o p e r a t i v i t y  a l s o  a p p e a r e d  t o  b e  
u n a f f e c te d  by te m p e ra tu re  w i th in  th e  ran g e  10 -  18^C. The mean v a lu e s  
f o r  n^Q i n  0 .  g a m m a r e l lu s  an d  in  0 . m e d i t e r r a n e a  w e re  3 .00  + 0 .2 8  a n d  
2 .9 4  + 0 .4 2  r e s p e c t i v e l y .
5 .3 .5  F u r th e r  s tu d i e s  on 0 .  gam m arellus
S in c e  th e  b lo o d  o b ta in e d  from  0^ g a m m a re llu s  l i v i n g  h ig h  on th e  
s h o re  (AHW a n im a ls )  had an  io n ic  c o m p o s itio n  v e ry  d i f f e r e n t  from  t h a t  
o f  a n im a ls  c o l l e c t e d  from  th e  lo w er l i m i t s  o f  d i s t r i b u t i o n ,  f u r t h e r  
s t u d i e s  w ere  c a r r i e d  o u t  t o  com pare th e  r e s p i r a t o r y  p r o p e r t i e s  o f  th e
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F IG . 5 .3  O xygen  d i s s o c i a t i o n  c u r v e s  f o r  t h e  b lo o d  o f  O r c h e s t i a  
g a m m a r e l lu s .  The c u r v e s  w e re  c o n s t r u c t e d  a t  lO^C an d  t h e  pH o f  
t h e  b lo o d  w as a l t e r e d  by a d j u s t i n g  t h e  p e r c e n t a g e  o f  CO2 i n  t h e  















F IG . 5 .4  T he e f f e c t  o f  t e m p e r a t u r e  on  t h e  r e l a t i o n s h i p  b e tw e e n  
P^Q a n d  pH f o r  t h e  b lo o d  o f  A) O r c h e s t i a  g a m m a r e l lu s  a n d  B) 0 . 
m e d i t e r r a n e a . V a l u e s  o f  P ^ q w e r e  o b t a i n e d  f r o m  o x y g e n  
d i s s o c i a t i o n  c u r v e s  c o n s t r u c t e d  a t  10 (a ) ,  15 (•) an d  18 (■) ^C. 
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haem ocyan in  in  th e s e  tw o g ro u p s  o f  a n im a ls .
The l a c t a t e  c o n c e n t r a t io n s  in  th e  p o o le d  b lo o d  s a m p le s  from  th e  
tw o  g ro u p s  o f  a n im a ls  w ere  low  (0.28 and 0.37 m m ol.l"^  in  AHW and BHW 
a n i m a l s  r e s p e c t i v e l y ) .  The r e l a t i o n s h i p s  b e tw e e n  P^q  a n d  pH in  b o th  
AHW and BHW a n im a ls  a r e  shown in  F ig u re  5.5 to g e th e r  w i th  v a lu e s  fo r  
c o o p e r a t i v i t y  (n^g). I t  i s  c l e a r  from  th e s e  d a ta  t h a t  th e  haem ocyan in  
o f  AHW a n im a ls  h ad  a  m uch lo w e r  o x y g e n  a f f i n i t y  t h a n  t h a t  o f  BHW 
a n im a ls .  A t a  c o n s ta n t  ^  (7 .8), th e  haem ocyanin  o f  AHW a n im a ls  had a  
P^Q o f  14 .5  T o r r  w h e r e a s  i n  BHW a n im a l s  t h e  Pi^q w as 9 .y T o r r .  The in  
v iv o  p à  o f  th e  b lo o d  o f  AHW a n im a ls  w as, how ever, s i g n i f i c a n t l y  lo w e r 
(pH = 7 .6) t h a n  t h a t  o f  BHW a n im a l s  (pH = 7 .8 ) .  A t t h e  i n  v iv o  pH, t h e  
o x y g e n  a f f i n i t y  o f  t h e  h a e m o c y a n in  w as e v e n  lo w e r  (P^q = 2 0 .5  T o r r ) .  
C o v a r ia n c e  a n a ly s i s  o f  th e s e  d a ta  showed t h a t ,  a l th o u g h  t h e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  i n  th e  s lo p e s  o f  th e  r e g r e s s io n  l i n e s  f i t t e d  t o  
th e  d a t a ,  th e  e l e v a t i o n s  o f  th e  l i n e s  w ere  s i g n i f i c a n t l y  d i f f e r e n t  (P 
< 0 .05 ). Thus, a lth o u g h  th e  oxygen a f f i n i t y  o f  th e  r e s p i r a t o r y  p ig m e n t 
d id  d i f f e r  be tw een  th e  tw o g ro u p s  o f  a n im a ls ,  th e r e  w as no s i g n i f i c a n t  
d i f f e r e n c e  in  th e  m a g n itu d e  o f  th e  Bohr e f f e c t .  The mean Bohr v a lu e ,  
c a l c u l a t e d  f ro m  t h e  c o v a r i a n c e  a n a l y s i s  w as - 0 .8 4  w h ic h  w as  v e r y  
s i m i l a r  t o  t h e  v a lu e  o b t a i n e d  f o r  t h e  b lo o d  o f  0 ^  g a m m a r e l lu s  
c o l l e c t e d  from  th e  m id d le  o f  t h e i r  l i t t o r a l  d i s t r i b u t i o n .
E x p e rim en ts  w ere  a l s o  c a r r i e d  o u t  to  i n v e s t i g a t e  to  w hat e x te n t  
t h e  o b s e r v e d  d i f f e r e n c e s  i n  t n e  i o n i c  c o m p o s i t i o n  o f  t h e  b lo o d  w e re  
r e s p o n s ib le  f o r  th e  lo w e r  oxygen a f f i n i t y  o f  th e  haem ocyan in  o f  AHW 
a n i m a l s .  The r e s u l t s  o f  t h e s e  e x p e r i m e n t s ,  i n  w h ic h  b lo o d  f ro m  BHW 
a n im a ls  was d ia ly s e d  a g a i n s t  p h y s i o l o g i c a l  s a l i n e  s o l u t i o n s  h a v in g  
d i f f e r i n g  i o n i c  c o m p o s i t i o n s  a r e  p r e s e n t e d  in  F ig .  5 .6 . When b lo o d  
from  BHW a n im a ls  w as d i a ly s e d  a g a in s t  a  p h y s io lo g ic a l  s a l i n e  h a v in g  an  
io n i c  c o m p o s itio n  i d e n t i c a l  t o  t h a t  o f  th e  b lood  o f  AHW a n im a ls ,  th e
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F IG . 5 .5  T he r e l a t i o n s h i p  b e tw e e n  P ^ q and  pH f o r  t h e  b lo o d  o f  
Q r c h e s t i a  g a m m a re llu s  c o l l e c t e d  from  th e  upper (O) and lo w e r  (#) 
l i m i t s  o f  t h e i r  l i t t o r a l  d i s t r i b u t i o n  (AHW and  BHW a n i m a l s  
r e s p e c t i v e l y ) .  V a lu e s  f o r  n^Q a r e  a l s o  g iv e n .  F o r  f u r t h e r  
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PIG . 5 .6  T he  r e l a t i o n s h i p  b e tw e e n  P^q  a n d  pH f o r  t h e  b lo o d  o f  
Q r c h e s t i a  g a m m a re llu s  c o l l e c t e d  from  th e  u j ç e r  (o) and lo w e r  (#) 
l i m i t s  o f  t h e i r  l i t t o r a l  d i s t r i b u t i o n  (AHW an d  BHW a n i m a l s  
r e s p e c t i v e ly ) .  D a ta  a r e  a l s o  p r e s e n te d  f o r  b lo o d  from  BHW a n im a ls  
w h ich  had been  d i a ly s e d  a g a in s t  a  p h y s io lo g ic a l  s a l i n e  h a v in g  an  
i o n ic  c o m p o s i t io n  i d e n t i c a l  to  t h a t  o f  th e  b lo o d  o f  AHW a n im a ls  
(A) ,  a n d  a g a i n s t  a n o t h e r  s a l i n e  h a v in g  an  i d e n t i c a l  i o n i c  
c o m p o s i t i o n  e x c e p t  t h a t  t h e  c o n c e n t r a t i o n  o f  C a^^  i o n s  w as 
in c r e a s e d  t o  th e  sam e c o n c e n t r a t io n  m easu red  in  th e  b lo o d  o f  BHW 
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r e l a t i o n s h i p  b e tw e e n  t h e  P ^ q a n d  pH w as a lm o s t  i d e n t i c a l  t o  t h a t  
o b ta in e d  f o r  w hole (u n d ia ly se d )  b lood  o f  AHW a n im a ls . U n f o r tu n a te ly ,  
o n ly  a  few  d a ta  c o u ld  be o b ta in e d  from  d ia ly s e d  b lo o d  due  to  th e  s m a l l  
vo lum e o f  b lood  a v a i l a b l e .  N e v e r t h e l e s s ,  c o v a r i a n c e  a n a l y s i s  sh o w e d  
t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  b e tw een  e i t h e r  t h e  s lo p e s  o r  
th e  e l e v a t io n s  o f  th e  c a l c u l a t e d  r e g r e s s io n  l in e s .
When b lood  from  BHW a n im a ls  was d ia ly s e d  a g a in s t  a  f ^ y s i o l o g i c a l  
s a l i n e  b ased  on th e  i o n ic  c o m p o s itio n  o f  th e  b lood  o f  AHW a n im a ls  b u t  
h a v in g  a  Ca io n  c o n c e n t r a t io n  i d e n t i c a l  t o  t h a t  o f  BHW a n im a ls ,  th e  
oxygen a f f i n i t y  o f  th e  b lo o d  w as in c re a s e d . The r e g r e s s io n  l i n e  f i t t e d  
t o  th e s e  d a ta  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  th e  l i n e  f i t t e d  t o  
t h e  d a t a  f o r  w h o le  ( u n d ia ly s e d )  b lo o d  f ro m  BHW a n im a ls  ( c o v a r i a n c e  
a n a l y s i s  P = 0 .0 5 ) . A c o n t r o l  e x p e r im e n t  i n  w h ic h  b lo o d  f ro m  BHW 
a n im a ls  was d ia ly s e d  a g a i n s t  a  p h y s io lo g ic a l  s a l i n e  h a v in g  an  io n ic  
c o m p o s i t i o n  i d e n t i c a l  t o  t h a t  o f  BHW a n im a ls  w as c a r r i e d  o u t .  T he 
r e l a t i o n s h i p  be tw een  P^q and pH o b ta in e d  f o r  t h i s  d ia ly s e d  b lo o d  d id  
n o t  d i f f e r  s i g n i f i c a n t l y  from  t h a t  o b ta in e d  fo r  w hole b lo o d  fro m  th e s e  
a n im a ls .
5 .4  DISCUSSION
5 .4 .1  I o n i c  c o m p o s i t i o n  o f  0 ^  g a m m a r e l lu s  an d  CU m e d i t e r r a n e a  
haeno lyn$h
The r e l a t i v e  p r o p o r t io n s  o f  io n s  i n  b o th  Q r c h e s t ia  s p e c i e s  w as 
i n d i c a t i v e  o f  a  h i g h l y  d e v e l o p e d  s y s t e m  o f  i o n i c  r e g u l a t i o n ,  
c o m p a rab le  t o  t h a t  o f  many o f  th e  decapod and isopod  s p e c ie s  exam in ed  
t o  d a t e .  The b lo o d  m a g n e s iu m  c o n c e n t r a t i o n  w as l e s s  t h a n  h a l f  t h a t  
fo u n d  i n  n o rm a l  s e a  w a t e r .  T h i s  i s  a  common f e a t u r e  o f  m any a q u a t i c  
a n d  t e r r e s t r i a l  c r u s t a c e a n s  ( R o b e r t s o n ,  1 9 4 9 ;  M c L u s k y , 1 9 6 8 ;  
L a g a r r ig u e ,  1969; M ason, 1970). I t  sh o u ld  be n o ted  t h a t  th e  v a lu e s  f o r
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t h e  io n s  in  Q rc h e s t ia  haem olym ph a r e  s i m i l a r  t o  t h a t  o f  v a r io u s  L ig ia  
s p e c i e s  ( P a r r y ,  1953 ; L a g a r r i g u e ,  1 9 6 9 ) . L i g i a  i n h a b i t s  a  l e v e l  on  
t h e  s h o r e  c o m p a ra b le  t o  t h a t  o f  Q r c h e s t i a  ( s e e  c h a p t e r  2 ) .  I t  m ay b e  
t h a t  t h e  im m ed ia te  s u r ro u n d in g s  o f  th e s e  a n im a ls  may be " s a l t - l a d e n "  
d u e  t o  e v a p o r a t i o n .  I f  t h i s  w e re  s o ,  i t  w o u ld  h e lp  t o  e x p l a i n  t h e  
v a r i a n c e  in  b lood  sodium  c o n c e n t r a t io n  m easu red  in  c h a p te r  6 and  th e  
p r e s e n t  c h a p te r .
R o b e r tso n  (1949) fo u n d  t h a t  m ore a c t i v e  c ru s ta c e a n  s p e c i e s  had
low  b lo o d  m agnesium  c o n c e n t r a t io n s .  He s u b s e q u e n tly  p u t  fo rw a rd  th e
t h e o r y  t h a t  d e c r e a s e d  b lo o d  m a g n e s iu m  an d  i n c r e a s e d  a c t i v i t y  w e re
c a u s a l ly  r e l a t e d  (R o b e rtso n , 1953). I n  t h i s  p a p e r  he q u o te s  e x a m p les
o f  s t u d i e s  in  w hich n e u ro m u sc u la r  t r a n s m is s io n  had been im p a ire d  by
in c r e a s in g  haemolymph m agnesium . B o th  Q r c h e s t i a  s p e c i e s  h a v e  b lo o d
m a g n e s iu m  c o n c e n t r a t i o n s  b e tw e e n  t h a t  o f  R o b e r t s o n 's  " a c t i v e "
(N e p h r o p s , 17 .8  m e q .l” ^ Mg^+) an d  " p a s s i v e "  (L i th o d e s  1 0 4 .4  m e q . l” ^ 
9+Mg ) C r u s t a c e a .  A r e c e n t  s tu d y  on  t h e  i n t e r t i d a l  p r a w n , P a la e m o n  
e le g a n s  seem s to  s t r e n g th e n  th e  e v id e n c e  f o r  a  r e l a t i o n s h i p  b e tw e e n  
low  m agnesium  c o n c e n t r a t io n s  and in c re a s e d  a c t i v i t y  r a t e s  (R am irez de  
I s l a  H ernandez and T a y lo r ,  1985).
R o b e r ts o n  (1953) a l s o  fo u n d  t h a t  t h e  e f f e c t  o f  t h e  m a g n e s iu m  
io n  w a s  c o u n t e r a c t e d  by t h e  p r e s e n c e  o f  c a lc iu m  in  t h e  b lo o d .  I n  
s p id e r  c r a b s ,  th e  Ca^'^/Mg^^ r a t i o  v a r ie d  be tw een  0.19 and 0.31 w h i le  
i n  t h e  r e m a in in g  d e c a p o d s  t h e  C a^^ /M g ^^  r a t i o  w as 0 .3 9 - 2 .0 .  T he  
C a ^ ^ /M g ^ ^  r a t i o s  c a l c u l a t e d  f o r  Q. g a m m a r e l lu s  an d  Q. m e d i t e r r a n e a  
w ere  0.68 and 0.59 r e s p e c t i v e ly ,  p la c in g  b o th  t a l i t r i d s  in  th e  l a t t e r  
c a t e g o r y .  I n  t h e  m o re  t e r r e s t r i a l  a r t h r o p o d s  s u c h  a s  w o o d l i c e ,  
s c o r p i o n s  a n d  s p i d e r s  ( a n d  som e f r e s h  w a te r  c r a y f i s h ) ,  t h e  b lo o d  
c a lc iu m  i s  a t  l e a s t  2.5 t im e s  g r e a t e r  th a n  th e  b lood  m agnesium  (Gondko 
e t  a l . ,  1 9 8 4 ). T h i s  i s  f a r  g r e a t e r  t h a n  w as fo u n d  i n  e i t h e r  o f  t h e  
t a l i t r i d s  exam ined .
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I t  i s  e x p e c t e d  t h a t  a  h a l o p h i l o u s  s p e c i e s  w o u ld  d i s p l a y ,  f o r  
t h e  m a in  i o n s ,  a  c o n c e n t r a t i o n  h ig h e r  t h a n  a  n o n - h a l o p h i  1 i c  s p e c i e s  
( L a g g a r i q u e ,  1 9 6 9 ) .  T h i s  i s  b o r n e  o u t  i n  a  c o m p a r i s o n  o f  0 .  
g a m m a re llu s  from  th e  e x tre m e  edge o f  i t s  zone w ith  v a r io u s  f r e s h - w a te r  
am g ^ ip o d s and m ore f u l l y  t e r r e s t r i a l  iso p o d s  su ch  a s  F or c e l l  i o  s p e c ie s  
( L a g a r r iq u e ,  1 9 6 9 ) . I n  O n is c u s  a s s e l l u s  a n d  P o r c e l l i o  s c a b e r , a l l  o f  
t h e  i o n s  m e a s u r e d ,  t o g e t h e r  w i th  t h e  o s m o t ic  p r e s s u r e  o f  t h e  b lo o d ,  
w e re  a p p r o x i m a t e ly  h a l f  t h a t  o f  th e  s e m i - t e r r e s t r i a l  L i g i a  s p e c i e s  
( L a g a r r iq u e ,  1 9 6 9 ) . I t  c o u ld  be s u g g e s t e d ,  t h e r e f o r e ,  t h a t  t h e  
o b se rv e d  change in  0 ^  g a m m a re llu s  haem olym ph, ta k e n  from  a n im a ls  a t  
t h e  e x t r e m e s  o f  t h e i r  v e r t i c a l  d i s t r i b u t i o n ,  w as t h e  r e s u l t  o f  a  
s im p le  d i l u t i o n  e f f e c t .
5 .4 .2  B lood pH
T he Jui v iv o  pH v a l u e s  o f  haem o lym ph  f ro m  b o th  Q r c h e s t i a  s p p . 
f a l l  w e l l  w i t h i n  t h e  r a n g e  o f  v a lu e s  r e p o r t e d  f o r  o t h e r  c r u s t a c e a n s  
(Mangum a n d  S h ic k ,  1 9 7 2 ; S e v i l l a  an d  L a g a r r i q u e ,  1 9 7 9 ; J o k u m s e n  e t  
a l . ,  1 9 8 1 ) . T h i s  i s  e v e n  a l l o w i n g  f o r  v a r i a t i o n s  i n  e x p e r i m e n t a l  
te m p e ra tu re ;  d i f f e r e n c e s  o f  w hich  w i l l  i n e v i t a b l y  a f f e c t  pH (H ow ell e t  
a l . ,  1 9 7 3 ) . The r e s u l t s  r e p o r t e d  h e r e  s t r e n g t h e n  t h e  s u g g e s t i o n  t h a t  
t h e r e  i s  a  d e g r e e  o f  h o m o g e n e i ty  i n  t h e  b lo o d  pH o f  t h e  C r u s t a c e a  
( S e v i l l a  and L a g a r r iq u e ,  1979).
5 .4 .3  Qxygen c a r r y in g  c ^ ) a c i t y
The t o t a l  oxygen  c a r r y in g  c a p a c i ty  ( d is s o lv e d  + bound oxygen) o f  
th e  b lo o d  o f  b o th  s p e c i e s  was q u i t e  low  (1.23 ml.lOOral ^) and d id  n o t  
d i f f e r  s i g n i f i c a n t l y  b e tw e en  0^  g am m a re llu s  and m e d i te r r a n e a .  T h is  
v a l u e  c o m p a re s  c l o s e l y  w i t h  t h e  v a lu e  o f  1 .8  m l.1 0 0 m l ^ i n  t h e  
a q u a t i c  i s o p o d  M e s io d o th e a  e n to m o n  (H agerm an a n d  Q k sam a, 1985) an d
1 i n  th e  s u p r a l i t t o r a l  s p e c ie s ,  L ig ia  o c e a n ic a  (J .I .S . , 
1.61 m l.lOOml"^
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u n p u b l ,  o b s . ) , t h e  o n l y  s p e c i e s  o f  i s o p o d  f o r  w h i c h  w e h a v e  
in fo r m a t io n .  Much m ore i s  known, how ever, a b o u t th e  oxygen  c a r r y in g  
c a p a c i t y  o f  t h e  b lo o d  o f  d e c a p o d  C r u s ta c e a  ( s e e  r e v i e w  o f  M angum, 
1983a). W ith in  th e  d e c a p o d s , th e  oxygen c a r r y in g  c a p a c i ty  o f  th e  b lo o d  
i s  c h a r a c t e r i s t i c a l l y  lo w , e s p e c i a l l y  a m o n g s t t h e  a q u a t i c  s p e c i e s  
( r a n g e  1 - 2  m l,1 0 0 m l ^ ) , a l t h o u g h  s l i g h t l y  h ig h e r  v a l u e s  h a v e  b e e n  
re c o rd e d  f o r  some n a t a n t  s p e c ie s  (Hagerman and W eber, 1981; W eber and 
H a g e rm a n , 1982 ; M o r r i s  e t  a l . ,  1 9 8 5 ). I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  
lo w  o x y g e n  c a r r y i n g  c a p a c i t i e s  o f  th e  b lo o d  o f  a q u a t i c  d e c a p o d s  may 
r e s u l t  f ro m  p r o b le m s  o f  f l u i d  b a la n c e  w h ic h  r e q u i r e  t h a t  t h e  
haem ocyan in  c o n c e n t r a t io n  o f  th e  b lood  i s  k e p t a t  low  l e v e l s  (Mangum 
and Jo h a n se n , 1975; Mangum, 1980). The s i t u a t i o n  in  t e r r e s t r i a l  c r a b s  
a p p e a r s  t o  be  r a t h e r  d i f f e r e n t  s i n c e ,  i n  t h e  m a j o r i t y  o f  s p e c i e s  
s t u d i e d  so  f a r ,  t h e  o x y g e n  c a r r y i n g  c a p a c i t y  o f  t h e  b lo o d  i s  h i g h e r  
t h a n  i n  a q u a t i c  s p e c i e s  e .g .  2 .9  m l.lO U m l” ^ in  C a rd is o m a  c a r n i f l e x  
(B u rg g re n  and  M cM ahon, 1981) and  3.5 m l.lO O m l” ^ i n  C o e n o b i ta  
c ly p e a tu s  (McMahon and  B u rg g ren , 1979). I t  i s  i n t e r e s t i n g ,  t h e r e f o r e ,  
t h a t  t h e  o x y g e n  c a r r y i n g  c a p a c i t y  o f  t h e  b l o o d  o f  Q r c h e s t i a  
g a m m a re llu s , a  s e m i - t e r  r e s  t r i a l  s p e c ie s ,  i s  low  and i s  c l o s e r  to  t h a t  
o f  th e  a q u a t ic  d ecap o d s . F u r th e r  in fo rm a t io n  on o th e r  am phipod g e n e ra ,  
f ro m  a  r a n g e  o f  e n v i r o n m e n t s  i s  n e e d e d , h o w e v e r , b e f o r e  t h e  f u l l  
e c o lo g ic a l  im p l ic a t i o n s  o f  th e s e  d i f f e r e n c e s  can  be a p p r e c ia te d .
5 .4 .4  Lack o f  haem ocyan in  i n  0 ^  m e d ite r ra n e a
I t  i s  known t h a t  i n  many decapods th e  haem ocyanin  c o n c e n t r a t io n  
o f  t h e  b lo o d  c a n  f a l l  t o  e x t r e m e l y  lo w  l e v e l s  i n  r e c e n t l y  m o u l te d  
a n im a ls  (Z u ck erk an d l, 1957; L ew is and H ae fn er, 1976). T h is  may e x p la in  
t h e  l a c k  o f  h a e m o c y a n in  i n  t h e  b lo o d  o f  0 ^  m e d i t e r r a n e a  t h a t  w as 
o c c a s io n a l ly  o b se rv e d  d u r in g  t h i s  s tu d y . Many t a l i t r i d s  a r e  known to  
un d erg o  a  s y n c h ro n is e d  m o u lt (C h arn iau x -C o tto n , 1957) and i t  w as n o te d
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t h a t  t h e  e x o s k e l e t o n s  o f  t h e  m a j o r i t y  o f  a n i m a l s  s a m p le d  o n  t h i s  
o c c a s io n  w ere  s o f t ,  i n d ic a t in g  t h a t  m o u ltin g  had  r e c e n t l y  ta k e n  p la c e .  
I t  f o l l o w s  t h a t  d u r in g  t h e  t im e  t h a t  h a e m o c y a n in  i s  a b s e n t  f ro m  t h e  
b lo o d , th e  a n im a l 's  r e s p i r a t o r y  demands a r e  m et by oxygen t r a n s p o r te d  
i n  s o l u t i o n  by t h e  b lo o d .  The r e d u c e d  a b i l i t y  o f  t h e  b lo o d  t o  
t r a n s p o r t  o x y g e n  may be  p a r t i a l l y  c o m p e n s a te d  by  th e  i n c r e a s e d  
p e r m e a b i l i t y  o f  th e  body s u r f a c e  fo llo w in g  m o u ltin g  and  by th e  f a c t  
t h a t  Q r c h e s t i a , l i k e  many o th e r  c r u s ta c e a n s ,  re m a in s  q u ie s c e n t  a f t e r  
m o u ltin g  (C h a rn ia u x -C o tto n , 1957).
5 .4 .5  Qxygen a f f i n i t y  and th e  Bohr e f f e c t
T he o t h e r  r e s p i r a t o r y  p r o p e r t i e s  o f  t h e  b lo o d  o f  O .g a m m a re l lu s  
ah d  0 ^  m e d i t e r r a n e a , s u c h  a s  o x y g en  a f f i n i t y ,  B ohr f a c t o r  a n d  
c o o p e r a t i v i t y  f a l l  w i t h i n  t h e  r a n g e s  r e p o r t e d  f o r  t h e  m a j o r i t y  o f  
d e c a p o d s  ( s e e  r e v ie w  o f  M angum, 1 9 8 3 a ) . C o m p a r is o n s  w i t h  o t h e r  
a m p h ip o d s  a r e  a g a in  i m p o s s i b l e  d u e  to  t h e  c o m p le te  l a c k  o f  d a t a  f o r  
t h i s  g r o u p .  T he o n ly  o t h e r  c r u s t a c e a n  g ro u p  a p a r t  f ro m  t h e  d e c a p o d s  
f o r  w h ic h  i n f o r m a t i o n  i s  a v a i l a b l e  i s  t h e  I s o p o d a  b u t  e v e n  h e r e  few  
d a ta  e x i s t .  Such c o m p a riso n s  sh o u ld  be t r e a t e d  w ith  c a u t io n ,  how ever, 
s in c e  r e c e n t  w ork h as  in d ic a te d  t h a t  l a c t a t e  can  a f f e c t  haem ocyan in  
o x y g e n  a f f i n i t y ,  a t  l e a s t  i n  d e c a p o d s  ( T r u c h o t ,  19 8 0 ; G raham  e t  a l . , 
1 9 8 3 ; M angum , 1 9 8 3 b ; B r id g e s  e t  a l . ,  1 9 8 4 ) , a n d  i n  t h e  m a j o r i t y  o f  
p r e v io u s  s t u d i e s  in fo r m a t io n  on th e  l a c t a t e  c o n c e n t r a t io n  o f  th e  b lo o d  
i s  l a c k i n g .  W ith o u t  s u c h  i n f o r m a t i o n  i t  i s  d i f f i c u l t  t o  m ake 
m e a n in g fu l i n t e r s p e c i f i c  c o m p a riso n s .
I t  i s  a l s o  e s s e n t i a l  t h a t  t h e  o x y g e n  t e n s i o n s  o f  t h e  p r e -  a n d  
p o s t - b r a n c h i a l  b lo o d  a r e  know n i f  t h e  r o l e  o f  h a e m o c y a n in  i n  b lo o d  
o x y g e n  t r a n s p o r t  i n  t h e s e  a n im a ls  i s  t o  b e  f u l l y  u n d e r s to o d .  
U n f o r t u n a t e l y ,  d u e  t o  t h e  s m a l l  s i z e  o f  t h e s e  a m p h ip o d s  i t  w as  
i m p o s s i b l e  t o  o b t a i n  t h i s  i n f o r m a t i o n .  N e v e r t h e l e s s ,  e v e n  w i t h o u t
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t h e s e  d a t a ,  c o m p a r i s o n s  o f  t h e  r e s p i r a t o r y  p r o p e r t i e s  o f  t h e  b lo o d  
w i th  th o s e  o f  o th e r  a n im a ls  can  s t i l l  be i n s t r u c t i v e .
T he h a e m o c y a n in  o f  b o th  ^  g a m m a r e l lu s  a n d  0 ^  m e d i t e r r a n e a  
e x h i b i t s  a  m o d e ra te ly  h ig h  oxygen a f f i n i t y  com pared  w i th  th e  v a lu e s  
f o r  P^Q re c o rd e d  in  th e  d e cap o d s  (Mangum, 1983a). T h e re  i s  e v id e n c e  in  
th e  l i t e r a t u r e  t h a t  th e  p o s s e s s io n  o f  a  r e s p i r a t o r y  p ig m e n t h a v in g  a  
h ig h  oxygen a f f i n i t y  i s  o f t e n  c o r r e la t e d  w ith  an  a n im a l 's  a b i l i t y  to  
s u rv iv e  a t  low  a m b ie n t oxygen  te n s io n s .  Q r c h e s t ia  m e d i te r r a n e a  o c c u rs  
u n d e r  s t o n e s  i n  t h e  e u l i t t o r a l  zo n e  an d  i t  i s  know n t h a t  c o n d i t i o n s  
w i th in  th e  p o o ls  o f  w a te r  w h ich  rem a in s  under su c h  s to n e s  a t  low  t i d e  
a r e  o f t e n  h y p o x ic  (Agnew a n d  T a y l o r ,  1 9 8 6 ). T h i s  i s  a l s o  t h e  h a b i t a t  
o f  th e  h ig h  s h o re  gam m arid  Echinogam m arus p i r l o t i , w h ich  u n d er h y p o x ic  
c o n d i t io n s ,  e x h ib i te d  a  h ig h  d e g re e  o f  r e s p i r a t o r y  in d ep en d en ce  w i th  a  
c r i t i c a l  P02 v a lu e  a s  lo w  a s  15 T o r r  (Agnew a n d  T a y l o r ,  1 9 8 5 ) . T he 
a b se n c e  o f  su ch  r e s p i r a t o r y  independence  in  0^ m e d i te r r a n e a  (W alshe- 
M a e tz ,  1 9 5 2 , 1 9 5 6 ) , c o u p le d  w i t h  t h e  a n im a ls  p r e f e r e n c e  f o r  d r i e r  
h a b i t a t s  d u r in g  lo w  t i d e  ( J . I .S .  u n p u b l . o b s .)  w o u ld  s u g g e s t  t h a t  
p ro lo n g e d  h y p o x ic  e x p o su re  d o es  n o t  p la y  a  m ajo r r o l e  in  th e  b io lo g y  
o f  t h e s e  a n im a l s .  N e v e r t h e l e s s ,  t h e  m o d e r a te ly  h ig h  a f f i n i t y  o f  0 . 
m e d i te r ra n e a  may be a d v a n ta g e o u s , e s p e c i a l l y  d u r in g  th e  summer when, 
a s  a  r e s u l t  o f  l a r g e  a m o u n ts  o f  d e c a y in g  a lg a e  on t h e  s h o r e ,  t h e  P02 
o f  t h e  in c o m in g  t i d e  c a n  b e  v e r y  low  (Agnew a n d  T a y l o r ,  1 9 8 6 ) . I n  
c o n t r a s t ,  a l t h o u g h  0 ^  g a m m a r e l lu s  i s  knowh t o  be  q u i t e  t o l e r a h t  o f  
h y p o x ia  (M oore a h d  F r a h c i s ,  1 9 8 6 a ) , i t  a p p e a r s  t h a t  i t  i s  r a r e l y  
e x p o s e d  t o  h y p o x ia  e v e n  i n  t h e  d e n s e  a l g a l  m a ts  i n  w h ic h  i t  i s  
f r e q u e n t ly  found (Moore and  F r a n c is ,  1985a).
The oxygen a f f i n i t y  o f  th e  b lood  o f  Q r c h e s t ia  spp . i s  much h ig h e r  
th a n  t h a t  o f  th e  t e r r e s t r i a l  iso p o d s , P o r c e l l io  la e v a s  and A rm a d illiu m  
s p p .  (P^Q = 31 -  68 T o r r  a t  pH = 7 .6 5 , 20^C) ( S e v i l l a  a n d  L a g a r r i q u e ,  
1 9 7 9 ) . I t  i s  i n t e r e s t i n g ,  h o w e v e r , t h a t  t h e  b lo o d  o f  L i g i a  i t a l i c a ,
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w h ic h  o c c u p i e s  a  p o s i t i o n  on  t h e  s h o r e  c o r r e s p o n d in g  t o  t h a t  o f  0 . 
g a m m a r e l lu s , h a s  an  o x y g e n  a f f i n i t y  (P^q = 16 T o r r  a t  pH 7 .6 5 , 20^C) 
c o m p a r a b le  t o  t h a t  o f  t h e  s e m i - t e r r e s t r i a l  am phipods exam ined  h e re  
( S e v i l l a  a n d  L a g a r r i q u e ,  1 9 7 9 ) , a l t h o u g h  T e r w i l l i g e r  e t  a l . (1979) 
fo u n d  a  s l i g h t l y  lo w e r  o x y g e n  a f f i n i t y  i n  t h e  c l o s e l y  r e l a t e d  L. 
e x o t i c a .
B o th  Q r c h e s t i a  s p p . h a v e  m o d e r a te ly  h ig h  B ohr v a l u e s  o f  a ro u n d  
0.8 w h ich  a r e  co m p a rab le  w i th  many a q u a t i c  d ecap o d s  (Mangum, 1 983a). 
F rom  t h e s e  v a l u e s  we c a n  i n f e r  t h a t  a t  t h e  l e v e l  o f  t h e  t i s s u e s  i n  
th e s e  am ph ipods, a p p ro x im a te ly  0.8 M o f  p r o to n s  a r e  bound p e r  m ole  o f  
o x y g e n  r e l e a s e d  by  t h e  p ig m e n t .  I n  t h i s  i n s t a n c e  t h e  B ohr e f f e c t  
f a v o u r s  o x y g e n  u n lo a d in g  a t  t h e  t i s s u e  l e v e l  e v e n  a t  s m a l l  pH 
d i f f e r e n c e s .  The low  oxygen c a r r y in g  c a p a c i ty  o f  Q r c h e s t ia  haem ocyan in  
m en tio n ed  ab o v e , m eans t h a t  a p p ro x im a te ly  h a l f  o f  th e  oxygen d e l i v e r e d  
t o  th e  t i s s u e s  i s  t r a n s p o r te d  in  p h y s ic a l  s o lu t io n .  T h e re fo re  p r o to n s  
bound  t o  t h e  p ig m e n t  a t  t h e  t i s s u e s  d u r in g  o x y g e n  u n lo a d in g  a r e  
red u c e d  com pared  to  p ro to n  p ro d u c tio n . T h is  in  t u r n  w i l l  fa v o u r  lo w e r  
v a lu e s  a t  th e  l e v e l  o f  th e  t i s s u e s  a s  com pared  w ith  haem olym ph pü  
a t  s i t e s  o f  o x y g e n  u p ta k e .  ^  v iv o  pH c h a n g e s ,  a s s o c i a t e d  w i t h  a n  
i n c r e a s e  i n  a c t i v i t y  may a l s o  a u g m e n t u n lo a d in g  o f  o x y g e n  a t  
m e ta b o l is in g  t i s s u e s .
Y o u n g  (1 9 7 2 )  p o s t u l a t e d  t h a t  am o n g  c r a b s ,  i n c r e a s i n g  
' t e r r e s t r i a l n e s s '  was c o r r e l a t e d  w ith  r e d u c t io n s  in  haem ocyan in  oxygen 
a f f i n i t y  and in  th e  m ag n itu d e  o f  th e  Bohr e f f e c t .  S in c e  Y oung's s tu d y ,  
how ever, m ore d a ta  have become a v a i l a b l e  f o r  decap o d s from  a  v a r i e t y  
o f  h a b i t a t s  a n d  som e d o u b t  h a s  b e e n  e x p r e s s e d  a b o u t  t h i s  h y p o t h e s i s  
(M angum, 1 9 8 2 ) . N e v e r t h e l e s s ,  t h e  w ork  o f  S e v i l l a  and  L a g a r r i q u e  
(1979) on  a n  e c o l o g i c a l  s e r i e s  o f  i s o p o d s  h a s  i n d i c a t e d  t h a t  s u c h  a 
c o r r e l a t i o n  m ay w e l l  e x i s t  am ong t h a t  g r o u p .  T h i s  s u b j e c t  w i l l  b e
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c o n s id e re d  m ore f u l l y  in  c h a p te r  7.
5 .4 .6  P igm en t te n ç )e ra tu re  i n s e n s i t i v i t y
Many p o i k i l o t h e r m i c  a n im a l s  i n h a b i t i n g  e n v i r o n m e n t s  t h a t  a r e  
s u b j e c t  t o  c o n s i d e r a b l e  t e m p e r a t u r e  v a r i a t i o n  p o s s e s s  r e s p i r a t o r y  
p ig m e n ts  t h a t  show  a n  a d a p t i v e  d e c r e a s e  i n  t e m p e r a t u r e  s e n s i t i v i t y  
(Y oung, 1 9 7 2 ; R u t l e d g e ,  1 9 8 1 ; Jo k u m se n  an d  W e b e r , 1 9 8 2 ; A rp  a n d  
C h i l d r e s s ,  1 9 8 5 ; M o r r i s  e t  a l . ,  1985 ; M o r r i s  a n d  B r i d g e s ,  1 9 8 5 ) . 
T e m p era tu re  i n s e n s i t i v i t y  o f  th e  r e s p i r a t o r y  p ig m e n t can  be re g a rd e d  
a s  a d a p tiv e  i n  th e s e  a n im a ls  s in c e  th e  r e d u c t io n  in  oxygen a f f i n i t y  o f  
th e  p ig m e n t w i th  in c r e a s in g  te m p e ra tu re ,  w h ich  i s  a l s o  compounded by 
t h e  a s s o c i a t e d  e f f e c t  o f  t e m p e r a t u r e  on b lo o d  pH (H o w ell e ^  a l . ,  
1 9 7 3 ) , c o u ld  s e r i o u s l y  a f f e c t  o x y g en  l o a d i n g  a t  t h e  r e s p i r a t o r y  
s u r f a c e s  a n d  r e d u c e  t h e  o x y g e n  r e s e r v e  i n  t h e  v e n o u s  b lo o d .  I t  i s  
p e r h a p s  n o t  s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  t h e  h a e m o c y a n in  o f  b o th  0 .  
g a m m a r e l lu s  a n d  0 ^  m e d i t e r r a n e a  h a s  a  lo w  t e m p e r a t u r e  s e n s i t i v i t y  
s in c e  b o th  th e s e  s p e c ie s  may be s u b je c t  t o  c o n s id e r a b le  te m p e ra tu re  
v a r i a t i o n ,  i n  s p i t e  o f  t h e  f a c t  t h a t  th e y  may b e  " b u f f e r e d "  f ro m  t h e  
m ore e x tre m e  d i u r n a l  ch an g es  in  te m p e ra tu re  under b la n k e ts  o f  d e c a y in g  
a lg a e  (B acklund, 1945; Moore and F r a n c is ,  1985a).
5 .4 .7  F u r th e r  s tu d i e s  on 0 ^  gangnare llu s
T h e  i m p o r t a n t  d i f f e r e n c e  i n  t h e  o x y g e n  a f f i n i t y  o f  t h e  
haem ocyan in  from  0^  g a m m a re llu s  c o l l e c t e d  from  d i f f e r e n t  l o c a t io n s  o f  
th e  sam e s h o re  i s  p a r t i c u l a r l y  n o tew o rth y . The r e d u c t io n  o f  th e  oxygen 
a f f i n i t y  o f  AHW a n im a ls  m easu red  J j i  v i t r o  can  be a t t r i b u t e d  p r i m a r i l y  
t o  th e  ch an g es  i n  io n ic  c o m p o s i tio n  o f  th e  b lo o d  s in c e  i t  i s  now w e l l  
e s t a b l i s h e d  t h a t  th e  i o n ic  e n v iro n m e n t o f  th e  b lo o d  can  have im p o r ta n t  
e f f e c t s  on i t s  oxygen t r a n s p o r t i n g  p r o p e r t i e s  (Spoek, 1967; T ru c h o t,  
1 9 7 5 ; B ro u w e r ^  a J . ,  1 9 7 8 ; M i l l e r  an d  Van H o ld e , 1 9 81 ; M ason e t  a l . ,  
1 9 8 3 ).
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T he b lo o d  i o n i c  c o m p o s i t i o n  o f  a n im a l s  f ro m  h ig h  on  t h e  s h o r e  
(AHW a n im a ls )  was v e ry  d i f f e r e n t  from  t h a t  o f  a n im a ls  in  th e  m id d le  o f  
t h e i r  zone (BHW a n im a ls ) ,  "Die r e d u c t io n  in  th e  c o n c e n t r a t io n  o f  n e a r l y  
a l l  t h e  m ajo r  io n s  o f  th e  b lo o d  o f  AHW a n im a ls  p ro b a b ly  r e s u l t e d  fro m  
b e in g  e x p o s e d  t o  f r e s h  w a te r  r u n - o f f  a t  t h e  t o p  o f  t h e  s h o r e  a n d  n o t  
b e in g  c o v e r e d  by t h e  s e a ,  e v e n  a t  s p r i n g  t i d e s .  I t  i s  m ore  d i f f i c u l t  
t o  e x p l a i n  t h e  r e d u c t i o n  i n  t h e  pH o f  t h e  b lo o d  o f  a n im a l s  f ro m  
s l i g h t l y  h i g h e r  on  t h e  s h o r e  (AHW a n i m a l s ) .  S in c e  t h e r e  w as n o  
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  p r o t e i n  c o n c e n t r a t i o n  o f  t h e  b lo o d  o f  
AHW and BHW a n im a ls ,  i t  i s  u n l ik e ly  t h a t  th e  b u f f e r in g  c a p a c i ty  o f  th e  
b lo o d  v a r i e d  b e tw e e n  th em  ( b u t  s e e  n e x t  c h a p t e r ) .  I t  i s  p o s s i b l e  
h o w e v e r ,  t h a t  t h e  AHW a n i m a l s ,  w h ic h  w e re  p r o b a b l y  s u b j e c t e d  t o  
g r e a t e r  ' s t r e s s '  in  th e  form  o f  i o n ic  r e g u la t i o n ,  had  a  h ig h e r  r a t e  o f  
oxygen  co n su m p tio n . T h is  was n o t  p r e s e n t ly  exam ined  b u t i s  a  common 
r e s p o n s e  o f  many m arin e  a n im a ls  on e x p o su re  to  low  s a l i n i t y .  I f  t h i s  
w ere  th e  c a s e ,  th e  r e s u l t i n g  in c r e a s e  in  CO2 p r o d u c t io n  c o u ld  a c c o u n t  
f o r  t h e  r e d u c t io n  in  b lo o d  pH e s p e c i a l l y  s in c e  e l im in a t io n  o f  QO2 i s  
m o re  d i f f i c u l t  i n  t e r r e s t r i a l  an d  s e m i - t e r r e s t r i a l  a n im a ls  t h a n  i n  
a q u a t i c  a n i m a l s  (O 'M a h o n ey  a n d  F u l l ,  1 9 8 4 ) .  C h a n g e s  i n  t h e  
m ic ro e n v iro n m e n t o f  th e  b lo o d  a s s o c ia te d  w ith  h y p o s a lin e  e x p o su re  a r e  
c o n s id e r e d  m ore f u l l y  in  th e  n e x t  c h a p te r .
5 .4 .8  E f f e c t  o f  C alcium  on oxygen a f f i n i t y
The d i a l y s i s  e x p e r im e n ts  d e m o n s tra te d  t h a t  th e  r e d u c t io n  in  th e  
o x y g e n  a f f i n i t y  o f  t h e  b lo o d  o f  AHW a n im a l s  w as p r o b a b ly  d u e  t o  lo w  
Ca^"^ io n  c o n c e n t r a t io n  in  th e  b lo o d . A number o f  s tu d i e s  have  show n 
t h a t  d i v a l e n t  i o n s  g e n e r a l l y  i n c r e a s e  o x y g e n  a f f i n i t y  ( L a r im e r  a n d  
R ig g s , 1963; T ru c h o t, 1975; B row er e t  a l . ,  1978; M i l l e r  and Van H o ld e , 
1 9 8 1 ; M ason e t  a l . ,  1 9 83 ; T e r w i l l i g e r  e t  a l . ,  1979) e i t h e r  b e c a u s e
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t h e y  s t a b i l i z e  t h e  h ig h  a f f i n i t y  c o n f i g u r a t i o n  o f  t h e  r e s p i r a t o r y
p ig m e n t  o r  b e c a u s e  t h e y  p r o m o te  p o l y m e r i s a t i o n  t o  a  m o le c u la r  fo rm
t h a t  h a s  a  h ig h e r  oxygen a f f i n i t y  th a n  i t s  com ponent s u b u n i t s  (Mangum,
1983a). The v a lu e  f o r  th e  f a c t o r  d e s c r ib in g  c a lc iu m  s e n s i t i v i t y ,  A lo g
P 5Q /^ lo g  [C a^^] ( L a r im e r  an d  R ig g s ,  1963) i s  m o d e r a t e l y  h ig h  i n  0 .
g a m m a re llu s  a t  -0 .4 1 . T h is  i s  c lo s e r  to  th e  v a lu e  o f  -0 .2 8  c a l c u l a t e d
f o r  C a rc in u s  m aenas (T ru c h o t, 1975) th a n  th e  f i g u r e  o f  -0 .8 2  g iv e n  f o r
t h e  b lu e  c r a b ,  C a l l i n e c t e s  s a p  id  u s  by M ason e t  £ l . (1 9 8 3 ). I t  a l s o  
2+a p p e a rs  t h a t  Ca io n s  have  a  g r e a t e r  e f f e c t  on  oxygen a f f i n i t y  th a n  
Mg^^ io n s  ( M i l le r  and Van H o lde , 1974), b u t  Mg^^ io n s  a l s o  a f f e c t  th e  
s i z e  o f  t h e  B ohr e f f e c t  ( T r u c h o t ,  1 9 7 5 ). U n f o r t u n a t e l y ,  t h e r e  w a s  
i n s u f f i c i e n t  b lo o d  a v a i l a b l e  d u r in g  t h i s  p r e s e n t  s tu d y  to  i n v e s t i g a t e  
t h e  e f f e c t  o f  Mg^"^ i o n s  on th e  r e s p i r a t o r y  p r o p e r t i e s  o f  t h e  
haem ocyan in  o f  0 . g a m m a re llu s . The r e s u l t s  o f  th e  d i a l y s i s  e x p e r im e n ts  
a p p e a r e d  t o  sh o w , h o w e v e r ,  t h a t  t h e  r e d u c t i o n  i n  o x y g e n  a f f i n i t y  o f  
t h e  b lo o d  o f  AHW a n im a l s  w as d u e  a lm o s t  e n t i r e l y  t o  t h e  lo w  
c o n c e n t r a t i o n  o f  Ca^"^ io n  i n  t h e i r  b lo o d . I n  t h o s e  e x p e r i m e n t s  i n  
w hich  th e  b lo o d  o f  AHW a n im a ls  w as d ia ly s e d  a g a in s t  a  p h y s io lo g ic a l  
s a l i n e  h a v in g  an  io n ic  c o m p o s i tio n  i d e n t i c a l  t o  t h a t  o f  th e  b lo o d  o f  
AHW a n im a ls  b u t  in  w hich  th e  Ca?^ c o n c e n t r a t io n  had been  in c r e a s e d  to  
th e  sam e l e v e l  a s  in  BHW a n im a ls ,  th e  oxygen a f f i n i t y  o f  th e  b lo o d  w as 
r e s to r e d  a lm o s t  c o m p le te ly  to  t h a t  o f  BHW a n im a ls .
T he r e s u l t s  o f  t h e s e  e x p e r i m e n t s  i n d i c a t e  t h a t  Ca^"^ i o n s  m ay 
have a  s i m i l a r  e f f e c t  on b lo o d  oxygen a f f i n i t y  in  b o th  am phipods and  
d ecap o d s . The s i t u a t i o n  in  th e  iso p o d s , how ever, a p p e a rs  r a t h e r  m ore 
c o n fu se d . S e v i l l a  and L a g a rr iq u e  (1979), in  a  c o m p a ra tiv e  s tu d y  o f  th e  
h aem ocyan in  from  s e v e r a l  s p e c ie s  o f  t e r r e s t r i a l  and s e m i - t e r r e s t r i a l  
iso p o d s , found  t h a t  in  L ig ia  i t a l i c a , T y lo s  l a t r e i l l e i  and A rm ad illu m  
o f f i c i n a l i s  d i v a l e n t  io n s  in c r e a s e d  oxygen a f f i n i t y  b u t  in  P o r c e l l i o  
l a e v i s ,  A r m a d i l l i d iu m  g r a n u la tu m  and  A. v u l g a r e  t h e y  r e s u l t e d  i n  a
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r e d u c t i o n  i n  o x y g e n  a f f i n i t y .  A ls o  Van H o ld e  a n d  B r e n o w i tz  (1981) 
fo u n d  t h a t  d i v a l e n t  c a t i o n s  had  no e f f e c t  a t  a l l  on th e  oxygen b in d in g  
p r o p e r t i e s  o f  t h e  h a e m o c y a n in  o f  t h e  g i a n t  i s o p o d ,  B a th y n o m u s  
g i g a n t i c u s .
5 .4 .9  C o n c lu s io n s
T h e  p r e s e n t  s tu d y  i s  o n e  o f  t h e  f i r s t  t o  d e a l  w i t h  o x y g e n  
t r a n s p o r t  i n  a m p h ip o d s . An a l m o s t  t o t a l  l a c k  o f  i n f o r m a t i o n  o n  t h e  
r e s p i r a t o r y  p r o p e r t i e s  o f  a m p h ip o d  h a e m o c y a n in  p r e c l u d e s  d e t a i l e d  
d i s c u s s i o n  o f  t h e  e c o l o g i c a l  s i g n i f i c a n c e  o f  t h e  h a e m o c y a n i n  
p r o p e r t i e s  in  Cu g a m m a re llu s  and  m e d i te r ra n e a  in  r e l a t i o n  to  o th e r  
am phipod f a m i l i e s .  One o f  th e  m o st i n t e r e s t i n g  p o in t s  to  have  em erged  
fro m  t h i s  s tu d y  i s  th e  f a c t  t h a t  th e  oxygen t r a n s p o r t in g  p r o p e r t i e s  o f  
th e  b lo o d  o f  th e s e  tw o t a l i t r i d  s p e c ie s  a r e  so  s i m i l a r  d e s p i t e  t h e i r  
e c o lo g ic a l  d i f f e r e n c e s .  T h is  r a i s e s  a  number o r q u e s t io n s  c o n c e rn in g  
t h e  r e s p i r a t o r y  a d a p t a t i o n s  o f  a m p h ip o d s  t o  s e m i -  a n d  f u l l y  
t e r r e s t r i a l  l i f e  w hich  w i l l  be c o n s id e re d  in  th e  l a s t  c h a p te r .
T he o x y g e n  t r a n s p o r t i n g  p r o p e r t i e s  o f  t h e  b lo o d  o f  Q r c h e s t i a  
s p e c i e s  show  a  num ber o f  s i m i l a r i t i e s  w i t h  t h o s e  o f  t h e  b lo o d  o f  
i s o p o d  a n d  d e c a p o d  C r u s t a c e a  i e .  i t  i s  c o n s e r v a t i v e  w i t h i n  t h e  
C r u s ta c e a  (Mangum, 1983a). More i n f o r m a t ic s  on o th e r  ta x a  i s  n e c e s a ry  
t o  t e s t  t h i s  h y p o t h e s i s  a n d  t o  i n c r e a s e  o u r  u n d e r s t a n d in g  o f  t h e  
p h y s io lo g ic a l  and e c o lo g ic a l  s ig n i f i c a n c e  o f  i n t e r s p e c i f i c  d i f f e r e n c e s  
i n  th e  r e s p i r a t o r y  p r o p e r t i e s  o f  haem ocyan ins
5 .5  A p p e n d ix  ; N o te s  on  t h e  a p p e a r a n c e  o f  b lo o d  f ro m  Q r c h e s t i a  s p p .  
and  o th e r  am f^ ipod  s p e c ie s .
The b lo o d  o f  b o th  0^ g a m m a re llu s  and 0^ m e d i te r ra n e a  i s  n o rm a l ly  
a  d a r k  b lu e  c o l o u r .  U nder t h e  m ic r o s c o p e ,  t h e  b lo o d  c a n  b e  s e e n  t o  
c o n t a i n  s m a l l  c o r p u s c l e - l i k e  f r a g m e n ts  and num erous l i p i d  g lo b u le s ,
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t h e  l a t t e r  c o n t a i n i n g  a  p u r p l e  p ig m e n t .  T he p la s m a  i t s e l f  a p p e a r s  
c o lo u r l e s s .  I tie  d a rk  b lu e  p ig m e n ta t io n  i s  due n o t  to  haem o cy an in  b u t  
t o  a  c h ro m o p ro te in  o f  th e  c a r o te n o id  ty p e  (R aw linson , 1937; G oodw in, 
1960; W ie s e r , 1965). I t  show s no a p p r e c ia b le  change in  c o lo u r  when i t  
i s  d e o x y g e n a te d .  As s u g g e s t e d  by R a w lin s o n  (1937) t h e  p ig m e n t  t u r n s  
o r a n g e  r e d  w hen h e a te d .  The a d d i t i o n  o f  so d iu m  d i t h i o n a t e  h a d  a  
s i m i l a r  e f f e c t .
M easurem en ts o f  th e  a b s o r p t io n  s p e c t r a  w ere made to  c l a r i f y  t h e  
p r e s e n c e  o f  h a e m o c y a n in  i n  t h e  b lo o d  an d  to  c h a r a c t e r i s e  i t s  
a b s o r p t i o n  s p e c t r a .  A b s o r p t io n  s p e c t r a  o v e r  t h e  r a n g e  250 -  650 nm 
w e re  d e te r m i n e d  f o r  t h e  b lo o d  o f  0 .  g a m m a r e l lu s  u s in g  a  P y e -U n ic a m  
S.P. 8000 scan n in g  s p e c tro p h o to m e te r .  10 u l  o f  b lood  was d i l u t e d  w i th  
890 u l  o f  a  p h y s io lo g ic a l  s a l i n e ,  th e  io n ic  c o m p o s itio n  o f  w h ich  w as 
b a se d  on th e  p r e v io u s ly  d e te rm in e d  io n ic  c o n c e n t r a t io n s  o f  th e  b lo o d . 
T he d i l u t e d  s a m p le s  w e re  a n a l y s e d  a t  room  t e m p e r a t u r e  i n  1 cm
r
p a t h l e n g t h  ( q u a r t z ,  1 .0 0  m l c a p a c i t y )  s p e c tr o p h o to m e te r  c e l l s .  
A b s o r p t i o n  s p e c t r a  f o r  t h e  b lo o d  show  t h e  o c c u r r e n c e  o f  a  t y p i c a l  
p r o t e i n  a b s o r p t i o n  p e a k  a t  a r o u n a  270 -2 9 5  nm an d  a  s m a l l e r  p e a k  
b e t w e e n  330 a n d  340  nm . T h e  s m a l l e s t  p e a k  ( t h e  c o p p e r  p e a k )  
d is a p p e a re d  on d e o x y g e n a tio n  o f  th e  d i l u t e d  b lo o d . T h is  c o n f irm e d  t h a t  
h aem ocyan in  w as p r e s e n t  in  g a m m a re llu s  haemolymph. No a b s o r p t io n  
b an d s  w ere  found above 340 nm. T h is  may have been  due , how ever, t o  th e  
m ag n itu d e  o f  th e  d i l u t i o n  f a c t o r  em ployed  b e in g  so  g r e a t  a s  t o  o b s c u re  
o t h e r  bands.
The w hole  b lo o d  a b s o rp t io n  sp e c tru m  f o r  Q r c h e s t ia  was s i m i l a r  t o  
t h a t  fo u n d  f o r  t h e  D e c ap o d a  ( M i l l e r  an d  Van H o ld e , 1 9 7 4 ) ,  t h e  
o n i s c o i d e a n  I s o p o d a  ( S e v i l l a ,  1 9 7 8 ) , G am m arus l o c u s t a  a n d  G. p u  l e x  
r e p r e s e n t i n g  t h e  A raph ipoda ( J . I .S .  u n p u b . o b s .)  and  o t h e r  m o l l u s c a n  
and  a r th ro p o d a n  haem ocyan in  s o lu t i o n s  a s  m easured  by N ic k e rso n  and  Van
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H o ld e  (1 9 7 1 ). T he e x t i n c t i o n  c o e f f i c i e n t  p e r  m i l l i g r a m  p r o t e i n  (E^ 
cm.mg ^ f o r  b lo o d  p r o t e i n  t a k e n  a s  22 m g.m l f o r  t h e
p r o t e i n  p e a k  a t  280 nm i s  v e r y  s i m i l a r  a t  1 4 .2 , t o  t h e  v a l u e  o f  1 4 .8  
c a lc u la t e d  f o r  th e  haem olym ph o f  Palaem on e le g a n s  (T ay lo r and  S p ic e r ,  
u n p u b l is h e d ) .
T h e  d e t e r m i n a t i o n  o f  o x y g e n  d i s s o c i a t i o n  c u r v e s  b y  
s p e c tro p h o to m e tr  i c  m eans was re n d e re d  im p r a c t ic a l  by th e  opaque n a tu r e  
o f  u n d i l u t e d  Q r c h e s t i a  h aem o ly m p h . T h is  i s  d u e  t o  t h e  p r e s e n c e  o f  
c h r o m o p r o te in  ( s e e  e a r l i e r ) .  A f t e r  m o u l t ,  h o w e v e r , t h e  s t r o n g  b l u e  
p i g m e n t a t i o n  d i s a p p e a r s  a n d  t h e  b lo o d  beco m es v e r y  p a l e .  T he l i p i d  
g l o b u l e s ^  w h i l e  s t i l l  p r e s e n t ,  a r e  a lm o s t  c o l o u r l e s s  an d  g i v e  t h e  
h aem o ly m p h  a  f a i n t  o r a n g e  t i n g e .  The m a sk in g  o f  h a e m o c y a n in  i n  t h e  
b lo o d  by c h r o m a t o p r o t e i n  a s  fo u n d  i n  Q r c h e s t i a  g a m m a r e l lu s , Q. 
m e d i te r r a n e a , Q. cav im ana  and A r c i t a l i t r u s  d o r r i e n i , b u t  i s  n o t  su ch  
a  p e r m a n e n t  f e a t u r e  o f  t h e  haem o lym ph  o f  T a l i t r u s  s a l t a t o r  o r  
T a l o r c h e s t i a  d e s h a y e s i i . I n  t h e s e  a n im a l s ,  t h e  h aem o ly m p h  i s  o f t e n  
c l e a r  th o u g h  w i t h  a  d i s t i n c t  b l u i s h  t i n g e .  The t i n t  d i s a p p e a r s  upon  
d e o x y g e n a tio n . A lik h a n  e t  a ^  (1974) h a s  r e p o r te d  t h a t  th e  haem olym ph 
o f  th e  f r e s h - w a te r  Gammarus fo ssa ru m  i s  b lu is h - y e l lo w , tu r n in g  b lu e  
w hen e x p o s e d  t o  a i r .  T h i s  i s  s i m i l a r  t o  t h e  b lo o d  o f  t h e  s a n d h o p p e r s  
m en tio n ed  above and a l s o  t h a t  o f  Gammarus lo c u s ta .  Gammarus p u le x  on 
t h e  o t h e r  h a n d , h a s  a  v e r y  d u l l  b l u e - g r e y  haem o ly m p h  w h ic h  i s  n o t  
a l t e r e d  in  i t s  c o lo r a t i o n  by d eo x y g e n a tio n .
Qn p u n c tu r i n g  t h e  e x o s k e l e t o n  o f  Q r c h e s t i a  ( a l s o  T a l i t r u s  a n d  
T a l o r c h e s t i a ) , t h e  b lo o d  f lo w s  q u i c k l y  fro m  t h e  i n c i s i o n  w h ic h  
s u g g e s ts  t h a t  b lo o d  p r e s s u r e  may be q u i t e  h ig h . T h is  i s  m o st m arked in  
p o s t- m o u l t  i n d iv id u a l s .  T h is  f e a t u r e  i s  n o t  so  n o t ic e a b le  in  Gammarus 
p u le x , G^ lo c u s t a  o r  ev en  th e  f u l l y  t e r r e s t r i a l  t a l i t r i d  A r c i t a l i t r u s  
d o r r i e n i .
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CHAPTER 6
EFFECT OF HYPER- AND HYPO-SALINE EXPOSURE ON THE BLOOD AND TISSUES OF 
a  GAMMARELLUS IN THE FIELD AND IN THE LABORATORY
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6.1 INTRODUCTION
O sm o re g u la to ry  m echan ism s have been  s tu d i e d  in  many i n v e r t e b r a t e  
g r o u p s  a n d  t h e  r e s u l t s  r e v ie w e d  e x t e n s i v e l y  ( S c h o f f e n i e l s ,  1 9 7 6 ; 
G i l l e s ,  1979; G i l l e s  and  Pequeux, 1983). I n  th e  C r u s ta c e a ,  h y p o s a lin e  
e x p o s u r e  r e s u l t s  i n  a  d e c r e a s e  i n  b lo o d  io n s  a n d  a l s o  a  d e c r e a s e  i n  
> th e  o s m o tic  c o n c e n t r a t io n  due to  l o s s  o f  b lo o d  io n s  to g e th e r  w i th  
a n  in w a r d  m o v em en t o f  w a t e r .  I n t r a c e l l u l a r  o s m o l a r i t y  d u r in g  h y p o -  
o s m o tic  s t r e s s  i s  r e g u la te d  by a  d e c re a s e  in  i n t r a c e l l u l a r  f r e e  am ino 
a c i d s  (FAA) t o g e t h e r  w i t h  o t h e r  low  m o le c u la r  w e ig h t  n i t r o g e n o u s  
s o l u t e s .
To d a te ,  t h e r e  have  been  few  e x p e r im e n ta l  s t u d i e s  c o n c e rn e d  w i th  
t h e  e f f e c t s  o f  s a l i n i t y  on  t a l i t r i d  a m p h ip o d s . T h i s  i s  i n  s h a r p  
c o n t r a s t  t o  t h e  w o rk  t h a t  e x i s t s  on a  nu m b er o f  e u r y h a l i n e  a q u a t i c  
a m p h ip o d  s p e c i e s  (M cL usky , 1968 ; P r e e c e ,  1 9 7 0 ; D o r g e lo ,  1977 ; 
B u ln h e im , 1 9 7 9 ) . T he i n f o r m a t i o n  t h a t  e x i s t s  f o r  t h e  T a l i t r i d a e  i s  
d e r iv e d  a lm o s t  e x c l u s i v e l y  f ro m  s e m i - t e r  r e s  t r i a l  s p e c i e s  ( W i ld i s h ,  
1 970a ,b ; Bock, 1967; B ack lu n d , 1945; M arsden , 1980; Moore and F r a n c i s ,  
1 9 8 5 a , 1 9 8 6 a ) w ith  t h e  e x c e p t i o n  o f  tw o  v a l u e s  f o r  b lo o d  o s m o t i c  
p r e s s u r e ;  o n e  f ro m  a n  u n i d e n t i f i e d  (D r. C. L i t t l e ,  p e r s .  comm.) 
e u t e r r e s t r i a l  la n d h o p p e r  s p e c ie s  ( L i t t l e ,  1983) and th e  o th e r  from  a  
s u p r a l i t t o r a l  T a l o r c h e s t i a  sp . (Moloney and N ic o ls o n , 1984).
T h ere  have been  a  few  e x p e r im e n ta l  s tu d i e s  d e a l in g  w i th  th e  g r o s s  
e f f e c t s  o f  s a l i n i t y  on  v a r io u s  t a l i t r i d s .  W ild is h  (1970b), ex am in in g  
t h e  d i s t r i b u t i o n  o f  Q r c h e s t i a  s p . i n  t h e  M edway e s t u a r y ,  fo u n d  t h a t  
th e  m edian  l e t h a l  c o n c e n t r a t io n  o f  d i l u t e  s e a w a te r  (0.4 -  1.8 %o C l')  
f o r  Oj_ g a m m a re llu s  w as n e a r  th e  l i m i t i n g  i s o h a l in e  a t  h ig h  w a te r  (1 -  
2 %o C l ')  i n  t h e  e s t u a r y .  T he t o l e r a n c e  l i m i t  o f  0 . m e d i t e r r a n e a  w as 
r e a c h e d  a t  5 .8  -  6 .4  %e C l ' a t  h ig h  w a t e r .  Two d i s t i n c t  m o rp h s  o f  t h e  
l a t t e r  s p e c ie s  e x i s t  (W ild is h , 1970c), and th e  m ore m a rin e  o f  th e  tw o
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(morph m e d i te r ra n e a  a s  o£^x)sed to  morph a e s tu a r e n s i s )  show s s u b ie t h a l  
e f f e c t s  eg . in c r e a s e d  i n t e r  m o u lt p e r io d  and egg m o r t a l i t y ,  due  t o  th e  
lo w  c h l o r i n i t y  o f  t h e  s u b s t r a t e  an d  o f  t h e  fo o d  ( < 8 .1  %o C l ' ) .  I t  
a p p e a r s  t h a t  m orph  a e s t u a r e n s i s , i s  i n  som e w ay b e t t e r  a d a p te d  t o  
lo w e r  s a l i n i t y  th a n  m orph m e d ite r ra n e a . In  g e n e r a l ,  m o st E uropean  and 
A m erican  s e a - s h o re  t a l i t r i d s  a r e  r a t h e r  i n d i f f e r e n t  to w a rd s  s a l i n i t y  
(w ith  some n o ta b le  e x c e p t io n s ,  se e  B o u s f ie ld , 1958; B ow ers, 1964) b u t  
d i e  i f  t h e y  a r e  im m e rs e d  i n  f r e s h  w a te r  (S m a llw o o d , 1 9 0 3 , 1 9 0 5 ; 
B a c k lu n d , 1945 ; D a h l ,  1 9 4 6 ; Den H a r to g ,  1 9 6 2 ; B o ck , 1 9 6 7 ; H u r l e y ,  
1 9 6 8 ).
S u r v iv a l  t im e  a t  red u c e d  s a l i n i t i e s  i s  d e c re a s e d  by an  in c r e a s e  
i n  te m p e ra tu re  (B ow ers, 1964), a lth o u g h  th e r e  a r e  d i f f e r e n c e s  in  th e  
s u r v i v a l  t im e s  o f  sum m er and  w i n t e r  p o p u l a t i o n s  o f  T r a n s o r c h e s t i a  
(=O r c h e s t i a ) c h i l i e n s i s  (M a rs d e n , 1 9 8 0 ). I n  h i s  s tu d y  o f  t h e  w ra c k  
f a u n a  o f  S w eden  an d  F i n l a n d ,  B a c k lu n d  (1945) c l a i m e d  t h a t  b o th  0 . 
g a m m a re llu s  and P l a t o r c h e s t i a  p l a t e n s i s  have low  s a l i n i t y  p r e f e r e n c e s  
( a ro u n d  3 %o ) w hen e x p o s e d  t o  a  s a l i n i t y  r a n g e  o f  0 t o  200 %c ; b u t  
w hen h e  p l a c e d  th e m  w i t h i n  t h e  c o n f i n e s  o f  a  m ore  l i m i t e d  s a l i n i t y  
ra n g e  (0 -  10%& ) n e i t h e r  o f  th e  s p e c ie s  e x h ib i te d  any m arked  s a l i n i t y  
p r e f e r e n c e .  E m bryos o f  0 .  g a m m a r e l lu s  c a n  a l s o  w i t h s t a n d  c h a n g e s  i n  
e x t e r n a l  s a l i n i t y .  A t lo w e r  s a l i n i t i e s ,  a l t h o u g h  t h e  r a t e  o f  
d e v e lo p m en t re m a in s  c o n s ta n t ,  th e  number o f  h a tc h e d  j u v e n i l e s  d e c l i n e s  
w i th  c h l o r i n i t y  (V lasb lom  and B o l i e r ,  1971).
B o u s f ie ld  (1958) s t a t e s  t h a t  one o f  th e  p r i n c i p a l  m o d i f ic a t io n s  
a c c o m p a n y in g  t h e  a q u a t i c / t e r  r e s  t r i a l  t r a n s i t i o n  in  th e  am ph ipods i s  
th e  in c re a s e d  e f f i c i e n c y  o f  o s m o re g u la tio n . U n fo r tu n a te ly  he p r e s e n t s  
no d a ta  in  th e  p a p e r  t o  s u b s t a n t i a t e  h i s  c la im . Some r e c e n t  w ork on O. 
g a m m a re llu s  how ever, h a s  shown t h a t  t h i s  a n im a l p o s s e s s e s  f a i r l y  good 
p o w e rs  o f  o s m o re g u la t io n  (Moore and F r a n c is ,  1985a). The a b i l i t y  o f  0 . 
g a m m a re llu s  to  h y p e r - r e g u la te  o v e r a  w ide ran g e  o f  d i l u t e  s a l i n i t i e s
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( s e e  a l s o  B o c k , 1 9 6 7  o n  ^  p l a t e n s i s ) c a n  b e  r e l a t e d  t o  i t s  
c o n s i d e r a b l e  p e n e t r a t i o n  i n t o  e s t u a r i e s  a s  m e n t io n e d  a b o v e . I t  h a s  
a l s o  b e e n  s u g g e s t e d  t h a t  t h e  d e p e n d e n c e  o f  l i t t o r a l  t a l i t r i a s  on  
e x t e r n a l  c h lo r id e  io n s  may be an  im p o r ta n t  f a c t o r  in  th e  r e s t r i c t i o n  
o f  th e s e  a n im a ls  t o  m a r i t im e  re g io n s  (B o u s f ie ld , 1958; s e e  a l s o  F r ie n d  
and R ic h a rd so n , 1986). I t  h a s  been shown e x p e r im e n ta l ly ,  ho w ev er, t h a t  
i t  m ay n o t  be t h e  c h l o r i d e  io n  b u t  t h e  a s s o c i a t e d  so d iu m  io n  t h a t  i s  
m o re  l i k e l y  t o  be  t h e  l i m i t i n g  f a c t o r  (M oore a n d  F r a n c i s ,  1 9 8 6 a ) . I t  
h a s  b e e n  s u g g e s t e d  ( F r i e n d  a n d  R ic h a r d s o n ,  1986) t h a t  l a n d h o p p e r s  
(Group IV; 1 , B o u s f ie ld ,  1984) have d e v e lo p ed  g r e a t e r  p o w ers  o f  o s m o tic  
and  i o n ic  r e g u l a t i o n  th a n  have  t e r r e s t r i a l  b e a c h f le a  g e n e ra  (Group I I ,  
B o u s f ie ld ,  1984) e n a b lin g  th e  fo rm er to  p e n e t r a t e  f u r t h e r  in la n d . T h is  
h a s  y e t  to  be s u b je c te d  to  e x p e r im e n ta l  v e r i f i c a t i o n .
T h is  s tu d y  s e t s  o u t  t o  exam ine th e  e f f e c t s  o f  lo n g  te rm  hypo- and  
h y p e r - s a l i n e  e x p o su re  on 0^ g a m m are llu s  a t  th e  l e v e l  o f  th e  b lo o d  and 
t i s s u e s .  Em ploying b o th  l a b o r a to r y  and f i e l d  d a ta ,  ch an g es in  th e  pH, 
b lo o d  sodium  and p r o t e i n  c o n c e n t r a t io n s  and th e  t o t a l  f r e e  am ino  a c id  
p o o l  o f  th e  s p e c ie s  w ere  a s s e s s e d . The r e s u l t s  a r e  o f  i n t e r e s t  f o r  tw o 
r e a s o n s ;  a) t o  d i s c o v e r  t h e  h o m e o s t a t i c  m e c h a n is m s  i n v o lv e d  w hen 0 . 
g a m m a r e l lu s  i s  e x p o s e d  t o  c h a n g e s  i n  e n v i r o n m e n t a l  s a l i n i t y  a n d  
c o m p a re  t h e  r e s u l t s  w i t h  t h o s e  f o r  o t h e r  c r u s t a c e a n  g r o u p s  a n d  b) 
b e c a u se  th e y  p ro v id e  a  background  to  th e  d e s c r i p t i o n  o f  th e  b lo o d  g a s  
c o m b i n a t i o n  p r o p e r t i e s  o f  t h e  h aem o ly m p h  i n  t h e  p r e v i o u s  c h a p t e r .
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6.2 MATERIALS AND METHODS
6.2.1 Laboratory studies
Q r c h e s t ia  g a m m a re llu s  w as c o l l e c t e d  by hand from  b e n e a th  w rack  
b ed s  a t  H.W.M. on B a llo c h m a r t in  Bay, g r e a t  Cumbrae I s la n d .  The a n im a ls  
w e re  t r a n s p o r t e d  b a c k  t o  t h e  l a b o r a t o r y  a l i v e  i n  p l a s t i c  b a g s  
c o n ta in in g  some o f  t h e i r  n a t iv e  s u b s tra tu m  and some f r e s h  seaw eed , Qn 
a r r i v a l  t h e y  w e re  t r a n s f e r r e d  (30 a n im a l s  p e r  d i s h )  t o  a  n u m b er o f  
c r y s t a l l i s i n g  d i s h e s  (100 ml c a p a c i ty ) .  The d i s h e s  w ere c o v e re d  w ith  
m u s l in  t o  p r e v e n t  th e  a n im a ls  e s c a p in g , and k e p t m o is t  by th e  a d d i t io n  
o f  f i l t e r - p a p e r  s o a k e d  i n  s e a w a t e r  o f  a n  a p p r o p r i a t e  i o n i c  
c o m p o s i t i o n .  T h i s  f i l t e r - p a p e r  w as s e p a r a t e d  f ro m  t h e  a n i m a l s  by a  
s h e e t  o f  p l a s t i c  g au ze . Each d i s h  was s u p p lie d  w ith  e x c e s s  fo o d  in  th e  
fo rm  o f  a g a r  (Z o b e ll 's  2216E) made up w i th  a r t i f i c i a l  s e a  s a l t  (T ro p ic  
m arin e) s o lu t i o n s  o f  a  ran g e  o f  d i f f e r e n t  s a l i n i t i e s  (0, 5 , 10 , 20 , 30 
a n d  40 %©). Q r c h e s t i a  g a m m a r e l lu s  w e re  k e p t  u n d e r  t h e s e  c o n d i t i o n s  
f o r  72 h o u rs  in  a  c o n t r o l l e d  te m p e ra tu re  room h e ld  a t  lO^C.
A t th e  end o f  th e  e x p e r im e n ta l  p e r io d ,  a n im a ls  w ere rem oved and 
haem olym ph sa m p le s  w ere  ta k e n  u s in g  th e  m ethod o u t l in e d  in  C h a p te r  5. 
The haem olym ph was im m e d ia te ly  t r a n s f e r r e d  to  a  1.5 m l E ppendo rf tu b e  
s to r e d  on i c e  b e fo r e  b e in g  deep  f ro z e n  a t  - 2 0 ^C. The b le d  body o f  th e  
a n im a l  was th e n  q u ic k ly  im m ersed in  l i q u i d  n i t r o g e n  f o r  10-20  se co n d s  
a n d  s t o r e d  i n  a  l a b e l l e d  v i a l  a t  -2 0 ^ C . Q n ly  i n t e r m o u l t  m a le s  a s  
d e t e r m i n e d  by  t h e  c r i t e r i a  o f  C h a r n i a u x - c o t t o n  (1957) w e re  u s e d ;  
a n im a ls  t h a t  had m o u lted  d u r in g  th e  e x p e r im e n t w ere  d is c a r d e d .
T o t a l  b lo o d  p r o t e i n  a n d  s o d iu m  io n  c o n c e n t r a t i o n  w e re  a l s o  
d e te rm in e d  u s in g  th e  m ethods d e s c r ib e d  in  c h a p te r  5. The t o t a l  FAA was 
d e t e r m i n e d  f o r  i n d i v i d u a l  a n im a ls  a s  f o l l o w s .  T he w h o le  a n im a l  w as
qC a n d  th e n  h o m o g e n is e d  i n  0 .5  m l o f  p e r c h l o r i c
f r e e z e - d r i e d  a t  - 7 0
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a c i d  a t  5^C. F o l lo w in g  c e n t r i f u g a t i o n  (1 0 ,0 0 0  g ) ,  t h e  r e s u l t a n t  
s u p e r n a t a n t  w as n e u t r a l i s e d  u s in g  KHCO^. T o t a l  FAA w as t h e n  a s s a y e d  
u s in g  a  n in h y d r in  m ethod (Moore and S t e in ,  1948) and e x p re s s e d  a s  y*mol 
t o t a l  FAA. g~^ d ry  body w e ig h t. A la n in e  w as ru n  a s  a  s ta n d a r d .
6 .2 .2  F i e ld  s tu d i e s
L a r g e  m a le  g a m m a r e l lu s  w e re  c o l l e c t e d  f ro m  a  nu m b er o f  
d i f f e r e n t  s i t e s  a t  th e  one lo c a t io n  a t  B a l lo c h m a r t in  Bay (se e  c h a p te r  
2 f o r  d e t a i l s ) .  The s i t e s  w e re  a s  f o l l o w s ,  (a) w e l l  a b o v e  t h e  H.W.M., 
b e n e a t h  s t o n e s  an d  d e b r i s  l y i n g  on  g r a s s  a n d  d r y  g r o u n d , (b) j u s t  a t  
H.W.M., b e n e a th  a  d e n s e  w ra c k  b e d , l y i n g  on  a  c o b b le  b e a c h ,  (c) 
b e n e a t h  s t o n e s  an d  r o c k s  a t  t h e  l e v e l  o f  P e l v e t i a  c a n a l i c u l a t a  f o u r  
h o u r s  a f t e r  th e  h ig h  t i d e ,  and (d) s i m i l a r  t o  th e  l o c a t io n  (c.) e x c e p t  
t h a t  P. c a n a l  i c u l a t a  had been  re p la c e d  by E n terom orpha sp . w h ich  was 
ta k e n  t o  be  i n d i c a t i v e  o f  f r e s h - w a te r  in f lu e n c e .  The c o l l e c t i o n s  w ere 
made on th r e e  c o n s e c u t iv e  d ay s  in  summer (average  a i r  te m p e ra tu re  = 
2 1 ^ 0 ,  th e  w e a th e r  b e in g  f i n e  b u t  o v e r c a s t .
On r e m o v a l  o f  a n im a l s  t o  t h e  l a b o r a t o r y ,  b lo o d  w as e x t r a c t e d  
im m e d ia te ly  ( w ith in  2 h o u rs  o f  c a p tu re )  u s in g  th e  m ethod o u t l i n e d  in  
c h a p te r  5. Only a n im a ls  w hich  y ie ld e d  10 ^ 1 +  o f  b lo o d  w ere  c o n s id e re d . 
10 ^  o f  haemolymph w as d i l u t e d  w i th  990y * l  o f  d o u b le  d i s t i l l e d  w a te r .  
B lo o d  p r o t e i n  w as a s s a y e d  u s in g  50 y # l o f  t h i s  d i l u t i o n  b y  t h e  
C o o m assie  b lu e  m ethod o u t l i n e d  in  c h a p te r  5. The re m a in in g  vo lum e w as 
u s e d  t o  d e t e r m i n e  t h e  b lo o d  so d iu m  c o n c e n t r a t i o n ,  u s in g  a n  E .E .L . 




A s e x p e c t e d ,  m a le  i n t e r m o u l t  0 ^  g a m m a r e l lu s  w e re  f o u n d  t o  be  
e u r y h a l in e  (T ab le  6 .1 ). A f te r  72 h t h e r e  w as v e ry  l i t t l e  m o r t a l i t y  a t  
a l l  t e s t  s a l i n i t i e s  w i t h  t h e  e x c e p t i o n  o f  0 and  5 %o. T h e r e  w as  
m arked s w e l l in g  o f  th e  g i l l s  in  a n im a ls  w hich had d ie d  fro m  e x p o s u re  
t o  th e  lo w e r s a l i n i t y  m edia .
The sodium  io n  c o n c e n t r a t io n  in  th e  haemolymph o f  0 ^  g a m m a re llu s  
w as v e r y  w e l l  r e g u l a t e d  o v e r  t h e  r a n g e  5 -  40%o a t  lO ^C ( F ig .  6 .1 ) .  
T he c a l c u l a t e d  i s o i o n i c  c o n c e n t r a t i o n  w as 350 m M .l"^ . T he a n im a l  
h y p e r - r e g u la te d  a t  red u ced  s a l i n i t i e s  b u t  h y p o - re g u la te d  when ex p o sed  
t o  e n v iro n m e n ta l  s a l i n i t i e s  > 30 %o.
T o ta l  Dlood p r o t e i n  was se en  to  v a ry  i n v e r s e ly  w i th  a c c l im a t io n  
s a l i n i t y  (F ig .  6 .2 ) .  T h e re  w as a n  i n c r e a s e  o f  35% r e c o r d e d  a f t e r  3 
d a y s  on  t r a n s f e r  o f  30 %o a c c l im a te d  a n im a ls  t o  10 %o. C o n v e rse ly  t o t a l  
FAA v a r ie d  d i r e c t l y  w i th  a c c l im a t io n  s a l i n i t y  (F ig . 6.3) f a l l i n g  fro m
1 0 1 .9  yum ol.g” ^ a t  30 %o t o  64 .7  yuunol.g"*^ a t  10 %• . T h e r e  w as  no 
s i g n i f i c a n t  d i f f e r e n c e  i n  t o t a l  FAA b e tw e e n  30 %« an d  40 %o o r  5 %o 
a n d  10%® .
T he  pH o f  i n  v iv o  haem o lym ph  s a m p l e s ,  a t  lO^C w e re  s e e n  t o  v a r y  
d i r e c t l y  w i t h  a c c l i m a t i o n  s a l i n i t y  a f t e r  3 d a y s  e x p o s u r e  ( F ig .  6 .4 ) .  
T h e r e  w as a  d r o p  o f  0 .1 5  pH u n i t s  b e tw e e n  30 %®and 10 %o a c c l i m a t e d  
a n i m a l s ,  b u t  t h i s  r e d u c t i o n  w as m o re  p ro n o u n c e d  a t  0 %® w h e re  t h e  
h a e m o ly m p h  pH w as 7 .4 0 1 , i e .  a p p r o x i m a t e l y  0 .5  pH u n i t s  b e lo w  t h e  
b lo o d  pH o f  30 %o a c c l im a te d  a n im a ls .
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TAB. 6.1 M o r t a l i ty  a f t e r  72 h  o f  g a m m a re llu s  p r e s e n te d  w i th  
fo o d  o f  d i f f e r e n t  s a l i n i t i e s  (n = 90 a t  e a ch  s a l i n i t y ) .








F IG . 6 .1  T he  c o n c e n t r a t i o n  o f  Na"^ i o n s  i n  t h e  h a e m o ly m p h  o f  0 . 
g a m m a re llu s  p r e s e n te d  w ith  food  o f  d i f f e r e n t  s a l i n i t i e s  a t  lO^C. 
A n a ly s e s  w ere  c a r r i e d  o u t  on p o o le d  b lo o d  sa m p le s  (100y ^ l)  w ith  n 
= 3 f o r  e a c h  s a l i n i t y .
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FIG. 6 .2  The t o t a l  b lo o d  p r o t e i n  and oxygen c a r r y in g  c a p a c i ty  o f  
haem olym ph from  0^ g a m m a re llu s  p r e s e n te d  w ith  food  o f  d i f f e r e n t  
s a l i n i t i e s  a t  lO^C. The oxygen c a r r y in g  c a p a c i ty  d e te r m in a t io n s  
w e re  c a r r i e d  o u t  on  p o o le d  b lo o d  s a m p le s  (n = 2) f o r  e a c h  
































FIG. 6.3 Total free amino acid (FAA) content of individual 0. 
gammarellus exposed to food of different salinities at lO^ C. (n = 






6Ô00 200 4 0 0
Medium sodium (mm.D
FIG, 6.4 The ^  vivo pH of the haemolymph of 0^  gammarellus 
exposed to food of different salinities at lO^ C. Determinations 
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6.3.2 Field studies
T h e  r e l a t i o n s h i p  b e tw e e n  b l o o d  p r o t e i n  a n d  s o d iu m  i o n  
c o n c e n t r a t io n s  o f  th e  haemolymph from  a n im a ls  c o l l e c t e d  from  (a) above  
t h e  h i g h  w a te r  m ark  a n d  (b) a t  t h e  h ig h  w a te r  m ark  b e n e a th  w ra c k  i s  
sh o w n  g r a p h i c a l l y  i n  F i g u r e  6 .5 . The p r o t e i n  c o n c e n t r a t i o n  o f  t h e  
haem olym ph o f  th e  fo rm e r  (w hich i s  e q u iv a le n t  to  th e  AHW a n im a ls  o f  
c h a p t e r  5) w as q u i t e  v a r i a b l e  w i th  v a l u e s  r a n g in g  f ro m  24 -  33 mg 
p r o t e i n ,  ml*”^ b lo o d . The sodium  io n  c o n c e n t r a t io n  was t y p i c a l l y  low  < 
300 m M .l” ^ . C o n v e r s e ly ,  a n im a l s  c o l l e c t e d  f ro m  b e n e a th  t h e  w ra c k  a t  
h i g h  w a t e r  s h o w e d  s i m i l a r  b l o o d / t i s s u e  t r a i t s ,  i n d i c a t i n g  a  
h o m o g e n e i ty  o f  b lo o d  p r o t e i n / N a  ; t h e  so d iu m  io n  c o n c e n t r a t i o n  w as 
s i g n i f i c a n t l y  g r e a t e r  th a n  in  a n im a ls  c o l l e c t e d  from  above th e  h ig h  
w a t e r  m ark  an d  w h i l e  t h e  b lo o d  p r o t e i n  c o n t e n t  w as lo w e r  i t  w a s , i n  
g e n e r a l ,  l e s s  v a r i a b le .
S u p erim p o sed  on F ig u re  6.5 i s  th e  r e g r e s s io n  l i n e  c a l c u l a t e d  f o r  
t h e  sam e  r e l a t i o n s h i p  b e tw e e n  b lo o d  p ro te in /N a " ^  u n d e r  c o n t r o l l e d  
c o n d i t i o n s  i n  t h e  l a b o r a t o r y .  I t  i s  o f  i n t e r e s t  t h a t  b o th  s e t s  o f  
p o i n t s  on  t h e  g r a p h  ( w i th  t h e  e x c e p t i o n  o f  som e o f  t h e  AHW p o i n t s )  
c lum ped  a t  e i t h e r  end o f  t h i s  r e g r e s s io n  l i n e .
I n  F i g u r e  6 .6 ,  t h e  r e g r e s s i o n  l i n e  r e l a t i n g  b lo o d  p r o t e i n  t o  
b lo o d  Na"^ c o n t e n t  i n  l a b o r a t o r y  a c c l i m a t e d  a n im a ls  h a s  a g a i n  b e e n  
s u p e r im p o s e d  upon  a  s i m i l a r  p l o t  o f  p a i r e d  v a lu e s  f o r  b lo o d  p r o t e i n  
a n d  Na"^ o b t a i n e d  f ro m  a n im a l s  c o l l e c t e d  a t  i d e n t i c a l  h e i g h t s  on  t h e  
s h o re  a t  th e  b o tto m  o f  th e  Oj_ gam m arellus*  zone. In  haem olym ph ta k e n  
f ro m  a n i m a l s  w h ic h  w e re  c o l l e c t e d  i n  t h e  P. c a n a l i c u l a t e ,  z o n e ,  t h e  
s c a t t e r  o f  p o i n t s  w as s i m i l a r  t o  t h o s e  r e p r e s e n t i n g  s a m p le s  f ro m  
a n im a ls  ta k e n  b e n e a th  th e  w rack bed (see  above). They e x h ib i te d  a  h ig h  
b lo o d  Na"*" b u t  low  b lo o d  p r o t e i n  c o n c e n t r a t io n .  C o n v e rse ly , haem olym ph
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FIG. 6.5 The r e l a t i o n s h i p  b e tw een  p r o t e i n  and Na"*" c o n c e n t r a t io n s  
i n  th e  haem olym ph o f  in d iv id u a l  0^  g a m m a re llu s , c o l l e c t e d  above 
(A) a n d  b e lo w  (A) t h e  h ig h  w a te r  m a rk , a t  t h e  e x t r e m e s  o f  t h e  
s p e c i e s '  v e r t i c a l  d i s t r i b u t i o n  o n  t h e  s h o r e  ( s e e  t e x t  f o r  

























0 ^ 0200 4 0 0
Haemolymph sodium (mm.!*')
FIG. 6.6 The r e l a t i o n s h i p  b e tw een  p r o t e i n  and Na"  ^ c o n c e n t r a t io n s  
i n  th e  haem olym ph o f  in d iv id u a l  Ol_ g a m m a re llu s  c o l l e c t e d  b e n e a th  
w r a c k ,  f ro m  ] u s t  b e lo w  t h e  H ig h  W a te r  M ark a t  l o c a t i o n s  c . (&) 
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s a m p le s  f ro m  a n i m a l s  e x p o s e d  t o  g r e a t e r  f r e s h  w a te r  r u n - o f f  a t  t h e  
sam e l e v e l  on th e  s h o re  h ad , in  g e n e r a l ,  low  b lo o d  Na"  ^ and  h ig h  b lo o d  
p r o te in .  I t  i s  e v id e n t ,  h ow ever, t h a t  th e  m ic r o h a b i ta t s  i n  t h i s  a r e a  
m u st v a ry  d r a m a t i c a l l y  in  t h e i r  d e g re e  o f  f r e s h - w a te r  in f lu e n c e .  T h is  
i s  shown in  th e  l a r g e  s c a t t e r  o f  p o in t s  en co m p ass in g , in  many c a s e s ,  
th e  c h a r a c t e r i s t i c  h ig h  N a V lo w  p r o t e i n  c o m b in a t io n  o f  m o re  ' s t a b l e '  
a r e a s .
P r e l im in a r y  e x p e r im e n ts  show ed t h a t  i t  was p o s s ib l e  to  r e v e r s e  
th e  c h a r a c t e r i s t i c  b lo o d  N a"^ /p ro te in  c o m b in a tio n  found in  haemolymph 
f o r  b o th  AHW and BHW a n im a ls .  T h is  show ed c l e a r l y  t h a t  th e  ch an g es in  
t h e s e  p a r a m e t e r s  w e re  d e t e r m i n e d  s o l e l y  by t h e  p r e v a l e n t  s a l i n i t y  
m ic r o r e g im e s  e n c o u n te r e d  by 0 ^  g a m m a r e l lu s . T he l a r g e  v a r i a t i o n s  
e n c o u n te r e d  may r e f l e c t  t h e  d i v e r s i t y  o f  m i c r o h a b i t a t s  e v e n  in  t h e  
sam e g e n e ra l  a r e a  a s  r e g a r d s  s a l i n i t y  and o th e r  e n v iro n m e n ta l  f a c t o r s  
(eg. te m p e ra tu re ,  r e l a t i v e  h u m id ity  e t c . ) .
6 .4  DISCUSSION
6 .4 .1  S a l i n i t y  t o l e r a n c e
L arge  in d iv i d u a l s  o f  0 . g a m m a re llu s  w ere a b le  to  s u r v iv e  72 h o u rs  
e x p o s u r e  t o  a  w id e  r a n g e  o f  fo o d  s a l i n i t i e s  a t  lÛ ^C . T h i s  f i n d i n g  i s  
i n  a c c o r d  w i t h  t h e  r e s u l t s  o f  M o o re  a n d  F r a n c i s  (1 9 8 6 a ) w h o  
in v e s t ig a t e d  th e  s a l t  t o l e r a n c e  o f  t h i s  s p e c ie s  under c o n d i t io n s  o f  
im m ersio n . They found  t h a t  b o th  s m a l l  and l a r g e  a n im a ls  s u rv iv e d  >96 
h o u r s  i n  s a l i n i t i e s  b e tw e e n  1 -  6Ü %o. S e e m in g ly  c o n t r a r y  t o  t h i s  
p r e s e n t  work in  w h ich  m o st o f  th e  a n im a ls  exposed  to  medium made up 
u s in g  f r e s h - w a te r  s u rv iv e d  th e  d u r a t io n  o f  th e  e x p e r im e n t , Moore and 
F r a n c i s  (1986a) fo u n d  t h a t  w hen 0 ^  g a m m a r e l lu s  w e re  im m e rs e d  i n  
d i s t i l l e d  w a te r  d e a t h  o c c u r r e d  w i t h i n  8 - 2 4  h o u r s .  T h i s  d i s c r e p a n c y  
m ay b e  due  t o  t h e  d i f f e r e n t  c o n d i t i o n s  o f  im m e r s io n  a n d  e m e r s io n  i n
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e a c h  c a s e ,  a n d  may be  i n d i c a t i v e  o f  a  g e n u in e  d i f f e r e n c e  i n  t h e  
a n i m a l s '  p h y s i o l o g i c a l  r e s p o n s e  i n  e a c h  c a s e .  Many o t h e r  e u r y h a l i n e  
a q u a t i c  a m p h ip o d s  a r e  a b l e  t o  t o l e r a t e  such  c o n d i t io n s  o f  hypo - and 
h y p e r -  s a l i n e  e x p o s u r e  (D o rg e lo ,  1 9 7 4 ; A gnew , 1985) a n d  so  t h i s  
f a c u l t y ,  a lth o u g h  i t  may be p r e - a d a p t iv e ,  may n o t  be  d i r e c t l y  r e l a t e d  
t o  th e  a c q u i s i t i o n  o f  s e m i - t e r r e s t r i a l  h a b i t s  in  th e  T a l i t r i d a e .
6 .4 .2  Haemolymph sod ium  r e g u la t i o n
I t  i s  know n t h a t  w id e  v a r i a t i o n s  i n  e x t e r n a l  so d iu m  io n  
c o n c e n t r a t i o n s  c a n  b e  t o l e r a t e d  by 0 .  g a m m a r e l lu s ; i n d e e d ,  t h i s  i s  
c o n s id e re d  to  be th e  m o st im p o r ta n t  io n  s p e c ie s  to  t h i s  a n im a l (Moore 
a n d  F r a n c i s ,1 9 8 6 a ) . I t  w as n o t  u n e x p e c te d  t h e n ,  t h a t  t h e  p a t t e r n  o f  
r e g u l a t i o n  b e tw een  10 -  40 %e o f  t h i s  m ajo r b lo o d  c a t i o n  w as s im i l a r  
t o  t h a t  o f  t h e  t o t a l  o s m o t i c  c o n c e n t r a t i o n  o f  t h e  b lo o d  (M oore an d  
F r a n c i s ,  1985a) .F u r th e r m o r e ,  w h i l e  t h e  o s m o t ic  r e g u l a t i o n  b e g in s  t o  
b r e a k  down < 10 %o i n  t h i s  s p e c i e s  (M oore an d  F r a n c i s ,  1 9 8 5 a ) , t h e  
b lo o d  so d iu m  c o n c e n t r a t i o n  c o n t i n u e s  t o  be r e g u l a t e d  t o  a ro u n d  5 %« 
(o r  p e r h a p s  e v e n  l o w e r ) .  T h i s  f e a t u r e  f u r t h e r  s t r e n g t h e n s  t h e  v ie w  
e x p r e s s e d  a b o v e , t h a t  so d iu m  i s  o n e  o f  t h e  m o s t  i m p o r t a n t  i o n s  t o  0 . 
g a m m a re llu s  (see  c h a p te r  7 f o r  f u r t h e r  d i s c u s s io n ) .  A g a in , t h i s  h ig h ly  
d e v e lo p e d  io n ic  r e g u la to r y  m echanism  i s  n o t  p e c u l i a r  to  th e  Amphipoda 
o f  t h e  s u p r a - l i t t o r a l  z o n e  a n d  i s  fo u n d  in  m any o t h e r  e u r y h a l i n e  
a m p h ip o d s  (Shaw a n d  S u t c l i f f e ,  1 9 6 1 ; M cLusky, 19 6 8 ; S u t c l i f f e ,  1971 
a ,b )  a s  w e l l  a s  o t h e r  i n t e r t i d a l  c r u s t a c e a n  s p e c i e s  ( Z a n d e r s ,  19 8 0 ; 
R am irez  de I s l a  H ernandez  and T a y lo r , 1985).
6 .4 .3  M echanism o f  o sm o re g u la tio n  in  O. gam m arellu s
No e u ry h a l in e  s p e c ie s  c o u ld  t o l e r a t e  changes in  b lo o d  volum e such  
a s  w ould  r e s u l t  from  h y p e r-  and h y p o - s a l in e  e x p o su re , i f  t h e i r  c e l l s  
w ere  s im p ly  to  a c t  a s  o sm om eters . M ost e u ry h a l in e  a n im a ls  c a n  m a in ta in
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r e l a t i v e l y  c o n s ta n t  b lo o d  and c e l l  vo lum es when a d a p te d  to  a  ra n g e  o f  
e x t e r n a l  s a l i n i t i e s ,  by v a ry in g  a  num ber o f  th e  c o n s t i t u e n t s  o f  t h e i r  
haem olym g^ and body t i s s u e .
I n  b o th  p o o le d  a n d  i n d i v i d u a l  h aem o ly m p h  s a m p le s  t a k e n  f ro m  Q. 
g a m m a re llu s , th e  d e c re a s e  i n  b lood  io n ic  c o n c e n t r a t io n ,  a s  i n d ic a te d  
b y  t h e  f a l l  i n  Na"^ io n  c o n c e n t r a t i o n  ( s e e  a l s o  c h a p t e r  5 ) ,  i s  v e r y  
o f t e n  accom panied  by an  in c r e a s e  in  th e  o v e r a l l  p r o t e i n  c o n c e n t r a t io n  
o f  t h e  b lo o d .  S u c h  m o d i f i c a t i o n s  f o l lo w in g  h y p o -o sm o tic  s t r e s s  have 
b e e n  r e p o r t e d  i n  o t h e r  c r u s t a c e a n s  ( S i e b e r s  e t  1 9 7 2 ; G i l l e s ,
1 9 7 7 ; P e q u e u x  e_t 1 9 7 9 ; T a y lo r  e t  £ l . ,  1 9 8 6 ) . As r e l a t i v e
h a e m o c y a n in  c o n c e n t r a t i o n  o f  t h e  b lo o d  i s  l e s s  v a r i a b l e  t h a n  t h a t  
found  in  t y p i c a l l y  m a rin e  am phipods (W iese r, 1965), t h i s  w ould  s u g g e s t  
t h a t  w i t h  an  i n c r e a s e  i n  h a em o ly m p h  p r o t e i n  t h e r e  s h o u ld  be  a  
c o r r e s p o n d in g  i n c r e a s e  i n  b lo o d  o x y g e n  c a r r y i n g  c a p a c i t y .  S u ch  a n  
in c r e a s e  c o u ld  be s e e n  a s  a d a p t iv e ,  o f f - s e t t i n g  th e  e f f e c t s  o f  lo w e r 
oxygen a f f i n i t y  in  th e  haemolymph o f  AHW a s  com pared w i th  BHW a n im a ls .  
W h ile  t h i s  h a s  b e e n  o b s e r v e d ,  i t s  o c c u r r e n c e  w as n o t  c o n s i s t e n t .  
A l th o u g h  t h e  p o s s i b i l i t y  c a n n o t  be  d i s c o u n t e d ,  i t  i s  u n l i k e l y  t h a t  
ch an g es  in  th e  b lo o d  p r o t e i n  c o n c e n t r a t io n  re c o rd e d  in  0 ^  g a m m a re llu s  
a s s o c i a t e d  w i t h  h y p o - / h y p e r - s a l i n e  e x p o s u r e ,  a r e  r e l a t e d  s o l e l y  t o  
t i s s u e  h y d r a t io n  o r  ch an g es in  e x t r a c e l l u l a r  volum e ( G i l l e s ,  1977). I t  
may be  t h a t  t h e  i n c r e a s e  i n  p r o t e i n  c o n c e n t r a t i o n  i s  r e l a t e d  t o  t h e  
r e d u c t i o n  o f  t h e  o s m o t i c  c o n c e n t r a t i o n  o f  th e  b lo o d  a s  i n d i c a t e d  by  
th e  f a l l  in  sod ium  io n  c o n c e n t ra t io n ^  -
I t  i s  know n t h a t  i n  t h e  s h o r e  
c r a b  C a rc in u s  m aen as, haem ocyan in  s y n th e s i s  i s  s t im u la te d  d u r in g  hypo - 
o s m o tic  s t r e s s  (Boone and S c h o f f e n ie l s ,  1979). A lso  in  th e  e u r y h a l in e  
c r a y f i s h  P a c i f a s t a c u s  l e n i s c u l u s , th e  f r e e  am ino a c id  c o n c e n t r a t io n
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i s  in c re a s e d  a t  th e  ex p en se  o f  th e  r e s p i r a t o r y  p ig m e n t. I n  t h i s  c a s e  
ho w ev er, d e s p i t e  a  r e d u c t io n  in  oxygen c a r r y in g  c a p a c i ty ,  a l t e r a t i o n s  
o f  t h e  o x y g e n  b i n d in g  c h a r a c t e r i s t i c s  o f  t h e  h a e m o ly m p h  a l l o w  O2 
t r a n s p o r t  to  c a r r y  on  u n im p a ire d  (W heatly  and McMahon, 1981).
T he d e c r e a s e  i n  t o t a l  FAA d u r in g  h y p o - o s m o t ic  e x p o s u r e  i n  0 ,  
g a m m a re llu s  h a s  been  o b se rv e d  in  o th e r  i n t e r t i d a l  c r u s ta c e a n  s p e c ie s  
( J e a n ia u x  e t  a l . ,  1 9 6 1 ; T a y lo r  an d  S p i c e r ,  in  p r e p ) , a n d  i s  a l s o  
c o n s i s t e n t  w ith  t h i s  th e o ry . F re e  am ino a c id s  and o th e r  low  m o le c u la r  
w e i g h t  n i t r o g e n o u s  co m pounds h a v e  b e e n  i m p l i c a t e d  i n  c e l l  v o lu m e  
r e g u l a t i o n  d u r in g  h y p o - /h y p e r -  s a l i n e  a c c l i m a t i o n  ( s e e  I n t r o d u c t i o n  
f o r  r e f e r e n c e s ) .  D uring  h y p o -o sm o tic  s t r e s s ,  such  a s  may o c c u r due to  
f r e s h - w a te r  r u n - o f f  in  th e  s u p r a - l i t t o r a l  zone, m em brane p e r m e a b i l i t y  
c o u ld  be a l t e r e d  and  am ino a c id s  r e le a s e d  i n to  th e  haem olym ph. T hese  
am ino  a c id s  c o u ld  th e n  be used  fo r  b lo o d  p r o te i n  s y n th e s i s  ( p o s s ib ly  
i n  th e  h e p a to p a n c re a s ;  s e e  G h ir e t t i - M a g a ld i  e t  ^ . ,  1973 on C a rc in u s  
m aenas ) , th e  r e s u l t a n t  b lo o d  p r o t e i n  a c t in g  a s  an  am ino a c id  s to r e .  I t  
i s  a l s o  p o s s ib l e  t h a t  th e  in c re a s e d  b lood  p r o te in  c o n te n t  w ould a s s i s t  
v o lu m e  c o n t r o l  by d e c r e a s i n g  t h e  o s m o t ic  s w e l l i n g  g r a d i e n t  w h ic h  
b u i ld s  up when b lo o d  o s m o la r i ty  i s  d e c re a s in g  ( G i l l e s ,  1978).
An o b je c t io n  to  t h i s  p ro c e s s  o c c u r r in g  in  Q r c h e s t i a , how ever, i s  
b a s e d  upon t h e  c o n s e q u e n c e s  o f  t h e  d e a m in a t io n  p r o c e s s .  F o r a s  t h e  
f r e e  am ino a c id  p o o l  i s  red u ced , b lood  ammonia in c r e a s e s ;  th e  amm onia 
m o le c u le  g a in s  a  p r o to n  and th e  b lo o d  pH sh o u ld  r i s e  c o n c u r r e n t ly .  I n  
th e  c a s e  o f  Q r c h e s t i a ,  th e  b lood  pH i s  d e c re a s e d  in  a n im a ls  e x h ib i t i n g  
a  red u c e d  io n ic  c o m p o s itio n . T h is  c o n f l i c t  may be p a r t i a l l y  r e s o lv e d  
by  c o n s id e r in g  th e  t im e  s c a l e  o v e r w hich  th e s e  ch an g es  in  pH have b een  
m e a s u r e d .  I n  t h e  r o c k  p o o l  s h r im p  P a la e m o n  e l e g a n s , t h e  b lo o d  pH 
i n c r e a s e s  w i th in  th e  f i r s t  tw o h o u rs  o f  h y p o s a lin e  e x p o s u re , b u t  d o e s  
n o t  r e m a in  a t  t h i s  e l e v a t e d  l e v e l  (T a y lo r  and  S p i c e r ,  i n  p r e p ) .  T he
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b lo o d  pH change in  Q r c h e s t ia  haem olym ph w as o b se rv e d  o n ly  a f t e r  t h r e e  
d a y s  a c c l i m a t i o n  t im e .  A ls o  i n  t h e  b a r n a c l e  P o l l i c i p e s  p o l y m e r u s , 
w h e re  t h e  i n t e r n a l  pH d e c r e a s e s  w i t h  a c c l i m a t i o n  s a l i n i t y  (Fyhn e t  
a l . /  1 9 7 2 ) , t h e  c h a n g e  r e s u l t i n g  f ro m  a d d i t i o n a l  CQ2 e n t e r i n g  t h e  
h a e m o ly m p h  a s  a  p r o d u c t  o f  e l e v a t e d  a e r o b i c  m e ta b o l i s m  i n  d i l u t e  
m e d ia , may a l s o  be f u r t h e r  compounded by p ro b le m s  a s s o c i a te d  w i th  th e  
e l i m i n a t i o n  o f  (X>2 in  an  a e r i a l  e n v iro n m e n t ( L i t t l e ,  1983).
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CHAPTER 7
THE PHYSI0DCX3ICAL ECOLOGY OF 
LAND INVASION BY THE TALITRIDAE
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7.1 INTRODUCTION
7.1.1 Aim of chapter
A d a p t a t i o n  to  l i f e  on  l a n d  p r e s e n t s  t a l i t r i d  a m p h ip o d s  w i t h  a  
n u m b er o f  i n t e r - r e l a t e d  p h y s i o l o g i c a l  p r o b le m s .  T h e se  p r o b le m s  a r e  
m a i n ly  c o n c e r n e d  w i t h  w a t e r  c o n s e r v a t i o n ,  n i t r o g e n o u s  e x c r e t i o n ,  
o s m o re g u la t io n , r e s p i r a t i o n  and  lo c o m o t io n .  A lth o u g h  i t  i s  co m m o n ly  
h e l d  t h a t  l i t t l e  m o r p h o l o g ic a l  o r  p h y s i o l o g i c a l  c h a n g e  h a s  b e e n  
r e q u i r e d  by am phipods i n  r e s p o n s e  t o  th e  c o lo n i s a t io n  o f  la n d  (Edney, 
1 9 6 0 ) ,  d i f f e r e n t  d e g r e e s  o f  a d a p t a t i o n  a r e  c e r t a i n l y  d i s c e r n i b l e  
b e tw e e n  v a r i o u s  a m p h ip o d  f a m i l i e s .  A l th o u g h  he  w as n o t  s p e c i f i c ,  
S t e b b in g  (1906a) r e c o g n i s e d  t h a t  t h e r e  w e re " im p o r ta n t d i s t i n c t i o n s "  
b e tw e en  Gammarus and T a l i t r u s , b u t  t h a t  th e s e  w ere 'b r id g e d  o v e r ' by  
t h e  g e n u s  H y a l e . K in g  ( 1 9 ( 3 )  t o o ,  n o t e d  t h a t ,  " i n  t h e  
o r  c h e s t  i a s . . . . H y a le  an d  Q r c h e s t i a , p h y s i o l o g i c a l  d i f f e r e n t i a t i o n  o f  
g e n e ra  a s  to  e n d u ran ce  o f  e x p o s u re  t o  th e  a tm o sp h ere  made p o s s ib l e  a  
l a n d  l i f e  f o r  t h e  l a t t e r . "  E ven  w i t h i n  th e  f u l l y  t e r r e s t r i a l  
la n d h o p p e r  g e n e ra , i t  h a s  been  s u g g e s te d  t h a t  one c o u ld  d i f f e r e n t i a t e  
e u r y to p ic  s p e c ie s  su ch  a s  T a l i t r o i d e s  a l l u a u d i  fro m  m o re  s t e n o t o p i c  
s p e c i e s  such  a s  A r c i t a l i t r u s  d o r r i e n i  on th e  b a s i s  o f  p h y s io lo g y  a lo n e  
(B o u s f ie ld , 1982, 1984). The p a u c i ty  o f  r e l e v a n t  p h y s io lo g ic a l  s t u d i e s  
( p a r t i c u l a r l y  w ith  r e g a rd  t o  th e  m ore t e r r e s t r i a l  am ph ipods, la m e n te d  
b o th  by H urley  (1959, 1968) and Laso-W azem  (1984), how ever, h a s  so  f a r  
r e n d e r e d  e v e n  a  q u a l i t a t i v e  a s s e s s m e n t  o f  t h e s e  d i f f e r e n c e s  
inçxD ssib le .
The p re c e d in g  fo u r  c h a p te r s  have gone some way to  r e d r e s s in g  o u r 
l a c k  o f  d e t a i l e d  k n o w le d g e  o f  e v e n  t h e  m o s t  f u n d a m e n ta l  a s p e c t s  o f  
t a l i t r i d  p h y s io l o g y .  The p r e s e n t  c h a p t e r  s e e k s  t o  c o m b in e  t h e s e  new 
d a t a  w i t h  a  c r i t i c a l  r e i n t e r p r e t a t i o n  o f  t h e  r e l e v a n t  i n f o r m a t i o n  
a v a i l a b l e  f ro m  t h e  l i t e r a t u r e ,  i n  o r d e r  t o  r e v ie w  t h e  s t a t e  o f  o u r
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k n o w le d g e  a n d  to  p r o v id e  a  f ra m e w o rk  f o r  s u b s e q u e n t  i n c i s i v e  
i n v e s t i g a t io n .  (Note: no a t te m p t  h a s  been  made to  in c lu d e  d a t a  on th e  
r e p r o d u c t iv e  and  d e v e lo p m e n ta l b io lo g y  o f  th e s e  a n im a ls ,  a s  t h i s  h a s  
b e e n  v e ry  a d e q u a te ly  rev ie w e d  r e c e n t l y  (M orino, 1978; W ild is h ,  1979, 
1982b; F r ie n d  and R ic h a rd so n , 1986). S i m i l a r ly ,  th e  f o l lo w in g  a c c o u n t  
d o e s  n o t  p u r p o r t  t o  r e p l a c e ,  b u t  t o  c o m p le m e n t , t h e  r e v i e w s  w h ic h  
e x i s t  a t  p r e s e n t  (H urley , 1959, 1968; Pow ers and B l i s s ,  1983; L i t t l e ,  
1983; F r ie n d  and R ic h a rd so n , 1986)).
The r e c e n t  work o f  B o u s f ie ld  (1984), s u b -d iv id in g  th e  T a l i t r i d a e  
i n t o  fo u r  e c o -m o rp h o lo g ic a l  th o u g h  p h y l e t i c a l l y  o v e r l a p p i n g  g r o u p s  
( o u t l in e d  in  c h a p te r  1) h as  made p o s s ib l e  more m e a n in g fu l i n t r a -  and 
i n t e r s p e c i f i c  p h y s io lo g ic a l  c o m p a riso n s . I t  sh o u ld  now be p o s s ib l e  t o  
i n t e r p r e t  p a r t i c u l a r  a s p e c ts  o f  t a l i t r i d  p h y s io lo g y  n o t  s o l e l y  in  th e  
c o n te x t  o f  t h e i r  im m ed ia te  h a b i t a t ,  b u t  a l s o  w ith  r e f e r e n c e  to  t h e i r  
e v o lu t io n a r y  background .
As t h e r e  i s  no i n f o r m a t i o n  a t  p r e s e n t  on p a l u s t r a l  a m p h ip o d s  
(Group I ) ,  th e y  have been  o m it te d  fro m  th e  c o n s id e r a t io n .  Even though  
d i s t i n c t  g ro u p s  can  be d e s ig n a te d ,  t h e r e  i s  a  g r e a t  d e a l  o f  c o n v e rg e n t 
e v o l u t i o n  b e tw e e n  th e m . I n t e r p r e t a t i o n  o f  m e c h a n i s m s  ( a s  o f  
s t r u c t u r e s )  m u s t  t h u s  be c a r e f u l  a n d  c a u t i o u s .  E q u a l ly ,  o n e  s h o u ld  
n e v e r  im p ly  t h a t  m echanism s p r e s e n t  in  l i v i n g  s p e c ie s  e v o lv e d  d i r e c t l y  
f ro m  t h o s e  o f  o t h e r  l i v i n g  s p e c i e s .  C o m p a ra t iv e  s t u d i e s  o f  e x t a n t  
s p e c ie s  a r e ,  how ever th e  o n ly  h a n d le  on r e a l i t y  t h a t  we can  g r a s p  in  a  
g r o u p  b e r e f t  o f  f o s s i l  r e p r e s e n t a t i v e s ,  so  i t  i s  i m p o r t a n t  t h a t  
f u n c t i o n a l  s tu d i e s  go hand in  hand w i th  p h y lo g e n e tic  s p e c u la t io n s  to  
t e s t  t h e i r  f e a s i b i l i t y .  I n  B o u s f i e l o 's  (1984) sch em e  t h e r e  a r e  tw o  
m a jo r  p h y lo g e n e t ic a l ly  d i f f e r e n t  g ro u p s  o f  t e r r e s t r i a l  t a l i t r i d s ,  b o th  
o f  w h ic h  a r e  r e f e r r e d  t o  a s  l a n d h o p p e r s  (G roup IV) . G ro u p  I V :2 
c o n s i s t s  o f  s e x u a l l y  d im o r p h ic  s p e c i e s  d e s c e n d e d  f ro m  b e a c h f l e a  
( B o u s f i e l d 's .  G ro u p  I I )  p r o g e n i t o r s .  T he s e c o n d  m ore  a n c i e n t  g r o u p
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(Group IV;1) i s  d e r iv e d  d i r e c t l y  from  l i t t o r a l  a n c e s to r s .  P ow ers and 
B l i s s  (1983) s u g g e s te d  t h a t  th e  c o m b in a tio n  o f  p resum ed  t e r r e s t r i a l /  
m a r i n e /  l i t t o r a l  t r a i t s  p r o b a b l y  r e f l e c t e d  th e  in d e p e n d e n t p a th s  o f  
e v o lu t io n  fo llo w e d  by d i f f e r e n t  t e r r e s t r i a l  s p e c ie s .  I t  i s  hoped t h a t  
a n  a s s e s s m e n t  o f  t h e  p h y s io l o g y  o f  t h e s e  d i f f e r e n t  g r o u p s  may h e l p  
d e m o n s tra te  th e  p r im a ry  a d a p ta t io n s  fo r  t e r r e s t r i a l  e v o lu t io n .
7 .1 .2  D e f in i t io n  o f  th e  te rm  " t e r r e s t r i a l "
H u r le y  (1 9 5 9 , 1968) d e f i n e d  " t e r r e s t r i a l "  i n  t h e  c o n t e x t  o f  h i s  
s t u d i e s  on th e  T a l i t r i d a e  a s  "b e in g  in d ep e n d e n t o f  th e  s e a  o r  s ta n d in g  
b o d ie s  o f  w a te r  fo r  b r e e d in g , fe e d in g  and d i s t r i b u t i o n . "  A c c o rd in g ly , 
he  s e p a r a te d  th e  s u p r a l i t t o r a l  s p e c ie s  from  w hat he re g a rd e d  a s  f u l l y  
t e r r e s t r i a l  s p e c ie s  t o  p r e v e n t  m isu se  o f  th e  te rm  a s  a p p l i e d  to  su ch  
s u p r a l i t t o r a l  s p e c ie s  a s  T a l i t r u s  s a l t a t o r  (Dahl, 1946) o r  Q r c h e s t ia  
g a m m a r e l lu s  ( W i l l i a m s o n ,  1 9 5 1 a , s e e  a l s o  B a r n a r d ,  1 9 6 9 ) . I n  t h e s e  
s u p r a l i t t o r a l  a n i m a l s ,  d i s p e r s a l  i s  p a s s i v e  an d  t a k e s  p l a c e  i n  s e a  
w a te r  ( K a r l b r in k ,  1 9 6 9 ) . T h i s  d e f i n i t i o n  i s  i n  f u l l  a g r e e m e n t  w i t h  
t h a t  s u g g e s te d  by Pow ers and B l i s s  (1983). Such a  d e f i n i t i o n ,  how ever, 
i s  n o t  w i t h o u t  p r o b le m s .  A l th o u g h  th e  common b e a c h f l e a  o f  B r i t i s h  
s h o r e s ,  0^  g a m m a re llu s , i s  g e n e r a l l y  re g a rd e d  a s  s u p r a l i t t o r a l  in  i t s  
d i s t r i b u t i o n ,  in  N.W. S c o tla n d  and to w a rd s  i t s  s o u th e rn  g e o g ra p h ic a l  
l i m i t ,  i t  can  be found many m e tr e s  above s e a - l e v e l  (see  c h a p te r  2). A t 
t h e s e  d i s t a n c e s  f ro m  t h e  s h o r e ,  d i s p e r s a l  i s  p r e s u m a b ly  no  l o n g e r  
f a c i l i t a t e d  by th e  s e a  a l th o u g h  i t  i s  e n t i r e l y  p o s s ib le  t h a t  i t  c o u ld  
in v o lv e  s ta n d in g  b o d ie s  o f  w a te r .  T h e re fo re , in  some l o c a t i o n s ,  t h i s  
a n im a l i s  s e m i - t e r r e s t r i a l  w h e re as  in  o th e r s  i t  m ust by d e f i n i t i o n  be 
re g a rd e d  a s  t e r r e s t r i a l .
H u r le y 's  (1968) d e f i n i t i o n  th u s  h a s  i t s  l i m i t a t i o n s  w hich  become 
m ore a c u te  i f  we p r e s s  f o r  q u a n t i t a t i v e  d i f f e r e n c e s  in  b io lo g y  b e tw een  
se ra i-  an d  f u l l y  t e r r e s t r i a l  s p e c i e s .  F o r t u n a t e l y ,  t h i s  d o e s  n o t
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r e p r e s e n t  mucn o f  a  p ro b le m  w i th in  th e  c o n f in e s  o f  th e  p r e s e n t  s tu d y . 
As r e g a r d s  p h y s io lo g y , th e  d i f f e r e n c e s  be tw een  w hat w ould  com m only be 
re g a rd e d  a s  s e m i-  and e u t e r r e s t r i a l  s p e c ie s  a r e  l a r g e l y  d i f f e r e n c e s  i n  
d e g re e  r a t h e r  th a n  k in d . We can  s t i l l  h o ld  to  th e  d e f i n i t i o n s  g iv e n  by 
H u r le y  (1 9 5 9 , 1968) a n d  P o w e rs  a n d  B l i s s  (1983) p r o v i d i n g  we k e e p  
th e s e  l i m i t a t i o n s  i n  m ind.
7 .2  WATER RELATIONS
7 .2 .1  D e s ic c a t io n
I n  t h e  a i r ,  c o n d i t i o n s  w h ic h  f a v o u r  o x y g en  u p ta k e  w i l l  a l s o
fa v o u r  w a te r  l o s s .  Those a r th r o p o d s  w hich  have become f u l l y  a d a p te d  t o
la n d ,  e x h i b i t  a  number o f  a d a p ta t io n s  w hich r e t a r d  w a te r  l o s s ,  eg . th e
p r e s e n c e  o f  an  im p e r m e a b le  c u t i c l e  an d  t h e  i n t e r n a l i s a t i o n  o f  t h e
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r e s p i r a t o r y  o r g a n s  ( t r a c h ja e  i n  i n s e c t s )  ( L i t t l e ,  1 9 8 3 ) . I t  h a s  lo n g  
b e e n  r e c o g n i s e d ,  h o w e v e r ,  t h a t  b o th  s e m i -  an d  f u l l y  t e r r e s t r i a l  
am ph ipods a r e  v e ry  s u s c e p t ib l e  to  d e s ic c a t io n  s t r e s s  (C hevreux , 1888;
De G eurne, 1888; H u rle y , 1968). The a q u a t i c  am phipods, Gammarus d u e b e n i 
a n d  G^ o c e a n ic u s  w e re  a b l e  t o  s u r v i v e  a  m aximum  o f  228 a n d  120 h 
r e s p e c t i v e l y ,  in  f u l l y  s a t u r a t e d  a i r  a t  19^C ( L a g e r s p e t z ,  1 9 6 3 ) . 
M em bers o f  t h e  f a m i l y  T a l i t r i d a e ,  h o w e v e r , w e re  a b l e  t o  s u r v i v e  
i n d e f i n i t e  e x p o s u r e  t o  a e r i a l  c o n d i t i o n s  a s  lo n g  a s  100% r e l a t i v e  
h u m i d i t y  (R.H.) w as m a i n t a i n e d .  P la tz m a n  (1 9 6 0 ), d e s p i t e  t h e  h i g h l y  
a r t i f i c i a l  n a t u r e  o f  h e r  e x p e r i m e n t a l  c o n d i t i o n s ,  a l s o  sh o w e d  t h a t  
s u r v i v a l  a t  26.5^C o f  th e  tw o b e a c h f le a s ,  T a lo r c h e s t i a  m eg a lo p h th a lm a  
(44 m in s )  an d  Q r c h e s t i a  a g i l i s  (33 m in s) w as g r e a t e r  t h a n  t h e  f u l l y  
m a r in e  A m p h ith o e  s p . (1 3 .5  m in s )  i n  d r y  a i r  (0 % R .H .). S h e  c o n c lu d e d  
t h a t  t h i s  i n c r e a s e  i n  s u r v i v a l  a t  lo w  R.H. w as a n  a d a p t a t i o n  t o  
t e r r e s t r i a l  l i f e .
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W illia m so n  (1951a), ex am in in g  th e  s u r v iv a l  t im e s  o f  t h r e e  s e m i-  
t e r r e s t r i a l  t a l i t r i d  s p e c ie s  in  a i r  o f  d i f f e r e n t  h u m id i ty ,  found t h a t  
T a l i t r u s  s a l t a t o r  a lw a y s  s u r v i v e d  c o n s i d e r a b l y  l o n g e r  t h a n  b o th  
T a lo r c h e s t i a  d e s h a y e s i i  and Q r c h e s t ia  g a m m a re llu s . A t R.H. 95% (25^C) 
h e  fo u n d  t h a t  s u r v i v a l  t im e  f o r  T a l i t r u s  w as 16 h w h ic h  w as a lm o s t  
t w i c e  t h a t  o f  Q r c h e s t i a  o r  T a l o r c h e s t i a  (9 h ) .  W i l l i a m s o n  (1951a) 
n o te d  t h a t  th e  s u r v iv a l  t im e s  m easu red  f o r  0^  g a m m a re llu s  a t  d i f f e r e n t  
h u m id i t i e s  by B acklund (1945) w ere  g r e a t e r  th a n  th o s e  found  in  h i s  own 
s t u d i e s ;  t h i s  h e  a t t r i b u t e d  t o  t h e  d i f f e r e n t  m e th o d s  o f  h u m id i ty  
c o n t r o l  u s e d . I t  s h o u ld  be  n o t e d ,  h o w e v e r , t h a t  n o t  o n ly  w e re  t h e  
e x p e r im e n ta l  te c h n iq u e s  and p r o to c o l  d i f f e r e n t  i n  th e  tw o s t u d i e s ,  b u t  
t h a t  in  b o th  c a s e s ,  th e  w e ig h t ran g e  o f  th e  i n d iv id u a l s  exam ined  was 
n o t  c l e a r l y  s p e c i f i e o .  I n  a  r e c e n t  p u b l i c a t i o n ,  M oore a n d  F r a n c i s  
(1985a) c o n f i r m e d  t h a t  0 ^  g a m m a r e l lu s  w as e x t r e m e l y  s e n s i t i v e  t o  
d e s i c c a t i o n  a l t h o u g h  n o t  q u i t e  a s  s e n s i t i v e  p e rh a p s  a s  W il l ia m s o n 's  
d a t a  s u g g e s t ;  a t  23^C an d  R.H. = 82.8% , 88% m o r t a l i t y  w as r e c o r d e d  
a f t e r  10 h . P a l l i^ M ^ lt  (1954) fo u n d , d u r in g  a n  e c o l o g i c a l  s t u d y  o f  T. 
s a l t a t o r , t h a t  a t  84% R.H. (20^C) t h i s  s p e c i e s  s u r v i v e d  f o r  19 h . 
U n f o r t u n a t e l y ,  h e  to o  w as n o t  s p e c i f i c  a b o u t  t h e  w e i g h t  r a n g e  o f  
e x p e r i m e n t a l  a n i m a l s  w h i c h ,  c o u p l e d  w i t h  t h e  d i f f e r e n c e  i n  
e x p e r i m e n t a l  m e th o d , m ak es  a  c o m p a r is o n  w i t h  W i l l i a m s o n 's  d a t a  
d i f f i c u l t .  B o w e rs  ( 1 9 6 4 ) ,  d u r i n g  a  c o m p a r a t i v e  s t u d y  o f  tw o  
b e a c h f l e a s ,  O r c h e s t o i d e a  c a l i f o r n i a n a  an d  0 . c o r n i c u l a t a  found t h a t  
th e r e  was no d i f f e r e n c e  in  h u m id ity  to le r a n c e  b e tw een  th e  tw o s p e c ie s  
i n  " d ry "  a i r .  He r e c o g n i s e d ,  h o w e v e r ,  t h a t  t h e  a r t i f i c i a l l y  lo w  
h u m id i t ie s  in d u ced  w ere  to o  low  to  a l lo w  v a r i a t i o n s  in  t o le r a n c e  to  be 
d e t e c t e d .  He fo u n d  t h a t  a ro u n d  2 5 0 ^ , i n d i v i d u a l s  o f  b o th  s p e c i e s  
succum bed in  l e s s  th a n  4 h o u rs  in  "dry" a i r .  D o u b tle s s  th e  fum es from  
t h e  s u l p h u r i c  a c i d ,  u s e d  a s  a  d e s i c c a n t ,  h a s t e n e d  t h e  d e m is e  o f  h i s  
e x p e r im e n ta l  a n im a ls .
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R e c e n t ly  t h e r e  h a v e  b e e n  tw o  s t u d i e s  p u b l i s h e d  c o n c e r n in g  t h e  
h u m id ity  to le r a n c e  o f  some f u l l y  t e r r e s t r i a l  le a fh o p p e r  s p e c i e s .  L azo - 
Wasem (1984) found t h a t  in  th e  s y n a n th ro p ic  A r c i t a l i t r u s  s y l v a t i c u s , 
h u m id i ty  t o l e r a n c e  w as a p p a r e n t l y  lo w e r  t h a n  t h a t  fo u n d  f o r  O. 
g a m m a r e l lu s , T a l o r c h e s t i a  d e s h a y e s i i  o r  T a l i t r u s  s a l t a t o r . The 
e u t e r r e s t r i a l  M y s ic o t a l i t r u s  (=T a l i t r u s )  ta s m a n ia e  d i s p la y e d  a  g r e a t e r  
t o le r a n c e  o f  d e s ic c a t i o n  s t r e s s  th a n  K e ra tro id e s  (^ T a l i t r u s )  v u l g a r i s  
o r  a n o th e r  u n d e s c r i b e d  M y s t i c o t a l i t r u s  s p .  ( R ic h a r d s o n  an d  D e v i t t ,
1 9 8 4 ) . A t 95% R.H. (1 5 ^C ), t h e  t im e  t a k e n  f o r  50% o f  t h e  a n i m a l s  (10 
a n i m a l s  i n i t i a l l y )  t o  d i e  w as 2 .6 , 2.1  and  1 .9  d a y s  r e s p e c t i v e l y .  
T h e re  was l i t t l e  v a r i a t i o n ,  how ever, be tw een  th e  t h r e e  s p e c ie s  be low  
95% R.H. ( i e  9 3 , 9 0 , 85 & 80 % R .H .). R ic h a r d s o n  a n d  D e v i t t  (1984) 
s u g g e s t e d  a  l i k e l y  c o r r e l a t i o n  b e tw e e n  t h e  m o re  h a r d y  n a t u r e  o f  M. 
t a s m a n ia e  when com pared w ith  v u l g a r i s , in  t h a t  th e  fo rm e r  i s  a b le  
t o  c o lo n is e  w arm er and l e s s  hum id e n v iro n m en ts . D e s p i te  th e  b a s ic  and 
so m e w h a t l i m i t e d  n a t u r e  o f  t h e  e x p e r i m e n t s ,  t h i s  s t u d y  c l e a r l y  
d e m o n s t r a t e s  ( i)  t h e  v a lu e  o f  e x a m in in g  t h e  h u m id i ty  r e s p o n s e  o f  
a n im a l s  t o  a  f i n e r  g r a d a t i o n  (and  m ore  r e a l i s t i c  r a n g e )  o f  r e l a t i v e  
h u m i d i t i e s  t h a n  h a s  h i t h e r t o  b e e n  e x a m in e d , ( i i )  t h a t  t h e r e  a r e  
d e g r e e s  o f  d e s i c c a t i o n  r e s i s t a n c e  i n  la n d h o p p e r  s p e c i e s ,  i e .  som e 
s p e c i e s  a r e  b e t t e r  a d a p te d  f o r  d r i e r  h a b i t a t s  t h a n  o t h e r s  ( s e e  
W ild is h , 1979), and ( i i i )  th e  d i f f i c u l t i e s  in v o lv e d  in  co m p arin g  d a t a  
fro m  d i f f e r e n t  s t u d i e s  w h ich  may d i f f e r  in  t h e i r  m eth o d o lo g y  and  in  
th e  p r e s e n t a t i o n  o f  th e  d a ta .  T h is  i s  c l e a r l y  shown when an  a t t e m p t  i s  
made to  com pare th e  r e s u l t s  f o r  th e s e  p a r t i c u l a r  lan d h o p p e r  s p e c ie s  
w i t h  ^  s y l v a t i c u s . I t  i s  a p p a r e n t  t h a t ,  a p a r t  f r o m  b r o a d  
g e n e r a l i s a t i o n s ,  t h e r e  i s  no g r e a t  v a lu e  i n  s u c h  c o m p a r i s o n s  a t  
p r e s e n t .
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I t  may a t  f i r s t  seem  s u r p r i s i n g  t h a t  d e s i c c a t i o n  to le r a n c e  sh o u ld  
be g r e a t e r  in  s u p r a - l i t t o r a l  th a n  e u t e r r e s t r i a l  g e n e ra . T h is  w i l l  be 
c o n s id e re d  m ore f u l l y  below .
7 .2 .2  T r a n s p i r a t io n  r a t e s
T r a n s p i r a t io n  r a t e s  and  p e rc e n ta g e  body w e ig h t  l o s s  in  re s p o n s e  
t o  lo w  h u m id i ty  h a v e  b e e n  m e a s u re d  i n  0 ^  g a m m a r e l lu s  ( W i l l i a m s o n ,  
1 9 5 1 a ; M oore a n d  F r a n c i s ,  1 9 8 5 a ) ,  T. s a l t a t o r  ( W i l l i a m s o n ,  1 9 5 1 a ; 
P a l l a u a l t ,  1954), T. d e s h a y e s i i  (W illiam so n , 1951a) and  A. s y lv a t i c u s  
(Lazo-W asem, 1984), and t y p i c a l l y  th e  v a lu e s  w ere  h ig h . As m en tio n e d  
abo v e , any a t t e m p t  a t  a  d e t a i l e d  i n t e r s p e c i f i c  c o m p a riso n  i s  re n d e re d  
u n p r o f i t a b l e  by th e  m u l t i p l i c i t y  o f  d i f f e r i n g  e x p e r im e n ta l  v a r i a b l e s  
b e tw e e n  i n v e s t i g a t i o n s .  I t  i s  c l e a r ,  h o w e v e r , t h a t  s m a l l e r  a n i m a l s  
lo o s e  w a te r  f a s t e r  th a n  l a r g e r  a n im a ls . I t  w ould a l s o  a p p e a r  t h a t  in  
0 . g a m m a r e l lu s  (and  i n  a l l  p r o b a b i l i t y  a l l  o f  t h e  t a l i t r i d s  y e t  
s t u d i e d )  t h a t  t h e  r a t e  o f  e v a p o r a t i o n  f ro m  t h e  a n i m a l 's  b o d y  i s  n o t  
c o n t r o l l e d ;  M oore a n d  F r a n c i s  (1985a) fo u n d  t h a t  d e a d  a n im a l s  l o s t  
w a te r  a t  a n  e q u i v a l e n t  r a t e  t o  l i v e  a n im a l s .  T h i s  f a c t  a lo n e  m ay 
e x p l a i n  t h e  o b s e r v e d  d i f f e r e n c e s  i n  h u m i d i t y  t o l e r a n c e  a n d  
t r a n s p i r a t i o n  r a t e s  o f  th e  la n d h o p p e r and b e a c h /s a n d  f l e a  g e n e ra . The 
la n d h o p p e r s  h a v e  a  t y p i c a l l y  s m a l l e r  b ody  s i z e  r a n g e  (h e n c e  l a r g e r  
s u r f a c e  a r e a )  t h a n  t h e  p r e d o m i n a n t ly  h e a v y - b o d ie d  s u p r a l i t t o r a l  
a n im a ls . Body w a te r  l o s s  g r e a t e r  th a n  25% r e s u l t e d  in  th e  d e a th  o f  0 . 
g a m m a re llu s  w h ic h , a l lo w in g  f o r  d i f f e r e n c e s  in  p r e - e x p e r im e n ta l  w a te r  
l o s s ,  i s  s i m i l a r  t o  f i g u r e s  o b t a i n e d  f ro m  som e t e r r e s t r i a l  c r a b s  
(Moore and F r a n c i s ,  1985a).
7 .2 .3  S i t e s  o f  w a te r  l o s s
The m a jo r i ty  o f  la n d  a r th ro p o d s  p o s s e s s  an  im p erm eab le  c u t i c l e  
an d , in  th e  c a s e  o f  th e  i n s e c t s ,  b r e a th e  though  a  sy s te m  o f  a i r  tu b e s  
c a l l e d  t r a c l ja e .  B e a c h f le a s  and la n d h o p p e rs , how ever, a p p a r e n t ly  l o s e
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w a te r  from  th e  w hole  body s u r f a c e .  T h is  has been  d e m o n s tra te d  s e m i-  
q u a n t i t a t i v e l y  by s i l v e r  s t a i n i n g  te c h n iq u e s  in  0^  cav im an a  (G raf and 
M a g n ie z ,  1 9 7 9 ) ,  0 ^  g a m m a r e l l u s  (M o o re  a n d  F r a n c i s ,  1 9 8 5 a ) ,  
T r a n s o r c h e s t ia  c h i l i e n s i s  and C h r o e s t ia  l o t a  (M arsden, 1984, 1985) and 
A. d o r r i e n i  ( J . I .S .  U n p u b l. o b s . ) . I n d i v i d u a l s  o f  0 . g a m m a r e l lu s  i n  
w hich  th e  body s u r f a c e  had been  sm eered  w ith  v a s e l i n e ,  l o s t  w a te r  a t  a  
s lo w e r  r a t e  th a n  u n t r e a te d  c o n t r o l  a n im a ls  (Moore and F r a n c i s ,  1985a).
Sem i- and f u l l y  t e r r e s t r i a l  w o o d lice  have a  w e l l - d e f in e d  la y e r  
o f  wax c o v e r in g  th e  c u t i c l e  (H am ilton  e t  a l . ,  1975) w h ich  i s  p resum ed  
t o  be an  a d a p ta t io n  to  im prove w a te r  r e t e n t io n .  A lth o u g h  o f f e r r i n g  no 
s u g g e s t i o n  a s  t o  t h e i r  f u n c t i o n ,  S h y a m a s u n d a r i  a n d  H a n u m a n ith a  Rao 
(1974) h a v e  n o te d  t h e  o c c u r r e n c e  o f  m ucous g l a n d s  on  t h e  f i r s t  an d  
s e c o n d  a n t e n n a e ,  p e r a e o p o d s  a n d  u ro p o d s  o f  t h e  s e m i - t e r r e s t r i a l  
s p e c ie s ,  T a l o r c h e s t i a  mar t e n s  i i  and o f  P l a t o r c h e s t i a  p l a t e n s  i s .  They 
a l s o  n o te d  t h a t  n o n e  o f  t h e  m o u th p a r t s ,  g n a th o p o d s  o r  p le o p o d s  
p o s s e s s e d  s u c h  g l a n d s  b u t  u n f o r t u n a t e l y  t h e y  do  n o t  g i v e  a n y  
i n d i c a t i o n  a s  t o  t h e  s t a i n  r e t e n t i o n  ( A lc ia n  b l u e  + s a f r a n i n )  o f  t h e  
g e n e ra l  body s u r f a c e .  I t  h a s  r e c e n t l y  been n o ted  t h a t  t h e r e  i s  a  t h in  
l a y e r  o f  f l u i d  p r e s e n t  on  t h e  body  s u r f a c e  o f  l a n d h o p p e r  s p e c i e s ,  
w hich  p ro d u c e s  a  s tr o n g  i r io e s c e n c e  (Duncan, 1985a; s e e  a l s o  Moore and 
S p i c e r ,  198b).
M oore an d  F r a n c i s  (1985a) h a v e  d e m o n s t r a t e d  t h e  p r e s e n c e  o f  a n  
e p i c u t i c u l a r  wax l a y e r  i n  0 .  g a m m a r e l lu s  w h ic h  may b e  s e c r e t e d  by  a  
s y s te m  o f  p o r e s  i n  t h e  in te g u m e n t  (S e lle m  and  G r a f ,  1 9 8 2 ; M oore an d  
F r a n c is ,  1985a). T hese p o re  ty p e s  and t h e i r  s p a t i a l  a rra n g e m e n t on th e  
c u t i c l e  s u r f a c e  a r e  s i m i l a r  i n  b o th  b e a c h f l e a  (G roup  I I )  (M oore an d  
F r a n c is ,  1985a) and lan d h o p p e r (Group IV) s p e c ie s  (Duncan, 1985a). The 
s u r f a c e  wax o f  0^  g a m m a re llu s  was found to  have a  m e l t in g  p o in t  (36- 
nC) s i m i l a r  t o  t h a t  r e p o r te d  f o r  th e  t e r r e s t r i a l  o n is c o id e a n  iso p o d
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O n isc u s  a s e l l u s  (37^C), a  f e a t u r e  w hich may r e s t r i c t  th e  a c t i v i t y  o f  
b o th  a n im a ls ,  p a r t i c u l a r l y  w i th  r e g a rd  to  e x p o su re  to  f u l l  s u n l i g h t .
U n f o r tu n a te ly ,  th e  r e l a t i v e  im p o rta n c e  o f  d i f f e r e n t  p o t e n t i a l  
s i t e s  o f  w a te r  l o s s  in  any t a l i t r i d  s p e c ie s  h a s  n o t  y e t  been  p r o p e r ly  
q u a n t i f i e d .  The g i l l s  o f  O. g a m m a r e l lu s , 0 . c a v im a n a  a n d  A. d o r r i e n i  
show  s u b s t a n t i a l  s t a i n  r e t e n t i o n  (G ra f  and  M a g n ie z , 1 9 6 9 ; M oore  a n d  
F r a n c i s ,  1 9 8 5 a ; J . I .S .  u n p u b l .  o b s .)  P re s u m a b ly  t h i s  i s  a l s o  t h e  c a s e  
in  T r a n s o r c h e s t ia  c h i l i e n s i s , a l t h o u g h  M a rsd e n  (1985) o n ly  m e n t io n s  
t h a t  t h e  p l e o p o d s ,  t e l s o n  a n d  t h e  b a s a l  s e g m e n ts  o f  t h e  s e c o n d  
a n te n n a e  a r e  th e  m ost p e rm e a b le  a r e a s  o f  th e  body. The p le o p o d s  o f  O. 
c av im an a  a r e  a l s o  im p l ic a te d  a s  s i t e s  o f  w a te r  l o s s  (G raf and  M agn iez ,
1969) a lth o u g h  Moore and F r a n c is  (1985a) d id  n o t  m en tio n  them  in  th e  
r e s u l t s  o f  t h e i r  s i l v e r  s t a i n i n g  o f  0 . g a m m a r e l lu s . The s t a i n i n g  o f  
t h e  e p i m e r a l  a n d  c o x a l  p l a t e s  i s  c o n f i r m e d  f o r  0 ^  c a v im a n a  a n d  A. 
d o r r i e n i . T h e s e  w e re  s t a i n e d  t h e  l e a s t  o f  s t a i n e d  s u r f a c e s  i n  0 . 
g a m m a re llu s  by Moore and F r a n c is  (1985a).
A l l  th e  t a l i t r i d s  exam ined  in  c h a p te r  4 (w ith  th e  e x c e p t io n  o f  
A. d o r r i e n i )  had g i l l s  w i th  s i g n i f i c a n t l y  s m a l le r  w e i g h t - s p e c i f i c  g i l l  
a r e a s  th a n  th e  m arin e  am phipods exam ined by Moore and T a y lo r  (1984). 
W ith in  exam ined  t a l i t r i d s ,  th e  g i l l  a r e a  p e r  u n i t  w e ig h t d e c l in e d  in  
an  o r d e r  w hich  can  be ro u g h ly  c o r r e l a t e d  w ith  d e s ic c a t io n  r e s i s t a n c e  
f o r  e a ch  s p e c ie s .  Somewhat p a r a d o x ic a l ly ,  how ever, th e  a n im a l w i th  th e  
g r e a t e s t  o v e r a l l  g i l l  a r e a  w as a l s o  t h e  m o s t t e r r e s t r i a l  o f  t h e  
s p e c i e s  s t u d i e d .  T h is  s t r o n g l y  s u g g e s t s  t h a t  r e d u c t i o n  i n  g i l l  a r e a  
may be re g a rd e d  a s  an  a d a p ta t io n  to  red u ce  perm ealijjlity  (T a y lo r , 1985) 
a n d  t h a t  g i l l  r e d u c t i o n  p e r  s e  i s  n o t  a  p r e - r e q u i s i t e  f o r  t a l i t r i d  
a m p h ip o d s  a s s u m in g  a  f u l l y  t e r r e s t r i a l  e x i s t e n c e .  I t  c o u ld  a l s o  be  
s u g g e s te d  t h a t  p leo p o d  r e d u c t io n  may be r e l a t e d  to  o r ,  a t  v e ry  l e a s t ,  
h av e  c o n seq u en ces  f o r  w a te r  c o n s e r v a t io n , s in c e  i t  h a s  been  s u g g e s te d  
t h a t  t h e  p le o p o d s  a r e  a n  i m p o r t a n t  s i t e  o f  w a te r  l o s s  ( M a r s o e n /
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1985) -  a lth o u g h  t h i s  s t i l l  r e q u i r e s  e x p e r im e n ta l  v e r i f i c a t i o n .  
F i n a l l y ,  i t  s n o u ld  be  n o te d  t h a t  t h e r e  may b e  a  r e l a t i o n s h i p
b e tw e e n  g ro o m in g  b e h a v io u r  ( s e e  c h a p t e r  2) a n d  w a te r  l o s s .  I n  
t e r r e s t r i a l  am ph ipods, f i n e  g r a n u l a r  m a t e r i a l  may a b r a d e  a r t i c u l a r  
m em branes p ro m o tin g  d e s i c c a t i o n  (BJD. V a le n t in e ,  in  H o lm q u is t , 1982). 
I n  t h i s  w ay , g ro o m in g  i n  t e r r e s t r i a l  a m p h ip o d s  may r e d u c e  t h e  
i n c i d e n c e  o f  d a m a g e  a n d  t h e r e f o r e  r e d u c e  t h e  l i k e l i h o o d  o f  
d e s i c c a t i o n .
7 .2 .4  W ater l o s s  a s  r e l a t e d  t o  h a b i t a t  and o r i e n t a t i o n
As t h e  r e s u l t  o f  t h e i r  s u s c e p t i b i l i t y  t o  d e s i c c a t i o n ,  t h e  
T a l i t r i d a e  a r e  c o n fin e d  to  a  l a r g e l y  c ry p to z o ic  e x is te n c e  and  a r e  much 
m o re  l i m i t e d  in  t h e i r  a d a p t i v e  r a d i a t i o n  th a n  o t h e r  t e r r e s t r i a l  
a r th r o p o d s  such  a s  i n s e c t s  and , t o  a  l e s s e r  e x te n t ,  w o o d lic e .
I t  i s  know n t h a t  0 ^  g a m m a r e l lu s  i n h a b i t s  an  a l m o s t  f u l l y  
s a t u r a t e d  (>95% R.H .) e n v i r o n m e n t  i n  t h e  s u p r a - l i t t o r a l  z o n e  
(B acklund, 1945; Moore and F r a n c is ,  1985a). The few  q u a l i t a t i v e  d a ta  
t h a t  e x i s t ,  w o u ld  t e n d  t o  s u g g e s t  t h a t  t h i s  i s  a l s o  t r u e  o f  t h e  
e u t e r r e s t r i a l  am phipods (see  H u rle y , 1968 and F r ie n d  and R ic h a rd s o n ,
1 9 8 6 ) . To m a i n t a i n  t h e i r  p r e s e n c e  i n  t h i s  s a t u r a t e d  e n v i r o n m e n t ,  
t a l i t r i d  am phipods a r e  g r e a t l y  d e p e n d e n t on a  number o f  i n t e r - r e l a t e d  
b e h a v i o u r a l  m e c h a n is m s . T he a g g r e g a t i o n  o f  l a r g e  n u m b e rs  o f  O. 
g a m m a re llu s  in  th e  f i e l d  h a s  been  o b se rv e d  (J .I .S . U npubl. obs.) o f t e n  
in v o lv in g  in d iv id u a l  a n im a ls  b e in g  in  c lo s e  b o d i ly  c o n ta c t  w i th  one 
a n o t h e r .  I n  t h e  l a n d h o p p e r s  0 .  h u r l e y i  an d  0 . p a t e r s o n i , h o w e v e r ,  
t h e s e  a n im a ls  a c tu a l l y  a v o id  p h y s ic a l  c o n ta c t  (ex c e p t f o r  m a tin g )  w i th  
e a c h  o t h e r  (D uncan , 1 9 6 9 ) . D uncan  a l s o  o b s e r v e d  t h a t  o n e  i n d i v i d u a l  
m ay e v e n  r e p e l  a n o th e r  by l y i n g  on  i t s  s i d e  an d  'k i c k i n g '  w i t h  i t s  
abdomen.
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T a l i t r i d s  a r e  p r i m a r i l y  n o c tu r n a l  i n  t h e i r  h a b i t s  and  many o f  
th e  s u p r a - l i t t o r a l  s p e c ie s  e x h i b i t  a  d iu r n a l  rh y th m  o f  a c t i v i t y  (see  
c h a p t e r  2 ) . Q r c h e s t i a  g a m m a r e l lu s  i s  know n t o  show  a  p r e f e r e n c e  f o r  
t h e  h i g h e s t  h u m id i ty  a v a i l a b l e  (B a c k lu n d , 1 9 4 5 ; W i l l i a m s o n ,  1 9 5 1 a ) . 
T h is  a n im a l w i l l  move m ore q u ic k ly ,  hopping  and jum p ing  o f t e n  i n  d ry  
a i r  (W illiam so n , 1951a). T a l i t r u s  s a l t a t o r  h as  been  shown to  b u rrow  to  
a  d e p th  a t  w hich  th e  m o is tu re  i s  optim um  (W illia m s , 1983b). B u rrow ing  
i t s e l f  i s  th u s  an  im p o r ta n t  w a te r  c o n s e rv a t io n  m easu re .
I n  a n  a t t e m p t  t o  l o c a t e  s t r u c t u r e s  t h a t  c o u ld  be r e f e r r e d  t o  a s  
h u m id i ty  r e c e p t o r s ,  W i l l i a m s o n  (1951a) c a r r i e d  o u t  a  n u m b er o f  
s t r a t e g i c  a m p u ta tio n s  on t h r e e  t a l i t r i d  s p e c ie s  he w as s tu d y in g . The 
f i r s t  and second  a n te n n a e  r e c e iv e d  p a r t i c u l a r  a t t e n t i o n ,  b u t  w i th  no 
s u c c e s s .  He a l s o  a t t e m p t e d  t o  c o v e r  d i f f e r e n t  p a r t s  o f  t h e  b o d y  
s u r f a c e  w i th  wax b u t  t h i s  r e s u l t e d  in  t h e  u n t i m e l y  d e m is e  o f  t h e  
e x p e r im e n ta l  a n im a ls . W illia m s o n  co n c lu d ed  t h a t  th e  T a l i t r i d a e  had no 
s p e c i f i c  h y g r o m e te r - l ik e  r e c e p to r s  b u t  r e a c t e d  i n s t e a d  t o  d i f f e r e n t  
a m o u n ts  o f  w a te r  l o s s .  W i l l i a m s  (1983a) r i g h t l y  p o i n t e d  o u t  t h a t  
W illia m so n  (1951a) o m it te d  t o  c l a r i f y  h i s  u se  o f  th e  te rm  w a te r  l o s s  
w h ich  c o u ld  be u n d e rs to o d  e i t h e r  a s  th e  am ount o f  w a te r  l o s s  p e r  u n i t  
t im e  (w h ic h  i s  a  f u n c t i o n  o f  t h e  s a t u r a t i o n  d e f i c i t  [S .D .]) o r  a s  
w a te r  l o s s  a s  a  p e r c e n t a g e  o f  t h e  i n i t i a l  body  w e i g h t  ( t h i s  i s  a  
f u n c t i o n  o f  b o th  e x p o s u r e  t i m e  an d  S .D .). I n  h i s  own e x p e r i m e n t s  
i n v o l v i n g  T. s a l t a t o r , W i l l i a m s  (1983b) fo u n d  t h a t  w hen h e  k e p t  t h e  
S.D. c o n s ta n t ,  th e  a n im a l w as s t i l l  a b le  to  o r i e n t a t e ,  i n d ic a t i n g  t h a t  
i t  w as r e a c t i n g  t o  w a te r  l o s s  a s  a  p e r c e n ta g e  o f  t h e  i n i t i a l  b o d y  
w e ig h t.
As th e  e f f e c t s  o f  l i g h t ,  t e m p e r a t u r e  an d  h u m id i ty  a r e  i n t e r ­
r e l a t e d ,  i t  i s  n o t  a l t o g e t h e r  s u r p r i s i n g  t o  f i n d  t h a t  t h e s e  a n i m a l s  
a r e  a b le  to  o r i e n t a t e  w i th  r e s p e c t  to  ea ch  o f  th e s e  f e a t u r e s ,  eg . th e  
d e g r e e  o f  p r e - e x p e r  i m e n t a l  w a t e r  l o s s  h a s  b e e n  i m p l i c a t e d  i n
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" r e s e t t i n g "  t h e  o r i e n t a t i o n  p a t t e r n  o f  p a r t i c u l a r  s u p r a - l i t t o r a l  
s p e c i e s  ( s e e  p  23 c h a p t e r  2 ) .
The w a te r  r e q u ir e m e n ts  o f  many a r th ro p o d s  a r e  s a t i s f i e d  by w a te r  
ta k e n  in  w i th  th e  food  su p p le m e n te d  by d r in k in g  f r e e  w a te r  (B e rr id g e ,
1 9 7 0 ) . I t  h a s  b e e n  show n  t h a t  0 . g a m m a r e l lu s  i s  a b l e  t o  r e p l a c e  l o s t  
body w a te r  from  b o th  a  f u l l y  s a tu r a t e d  a tm o sp h e re  and from  s ta n d in g  
b o d i e s  o f  w a te r  (M oore a n d  F r a n c i s ,  1985a) J h e  w a te r  l o s s  s u s t a i n e d  
d u r in g  a c u te  d e s ic c a t io n  s t r e s s  w ould  ap p e ar  to  be a t  th e  e x p e n se  o f  
t h e  h aem o ly m p h  (M oore a n d  F r a n c i s ,  1 9 8 5 a ; J . I . S . ,  u n p u b l .  o b s . ) . The 
'b lu e in g ' o f  th e  l im b s  n o te d  by R aw lin so n  (1937), W illia m s o n  (1951a) 
and Moore and F r a n c is  (1985a) may be due to  c h ro m a to p ro te in  p ig m e n ts  
in  th e  haemolymph becom ing f i b r i l l a r  a f t e r  w a te r  rem o v a l.
T e r r e s t r i a l  am phipods a l s o  c a r r y  e x o so m a tic  w a te r  i n  t h e i r  b rood  
p o u c h  (H u r le y , 19 6 8 ; J . I . S . ,  u n p u b l .  o b s . ) . D uncan  ( in  H u r l e y ,  1968) 
h a s  a s su m e d  t h a t  dew i s  s u f f i c i e n t  t o  p r o v id e  t h e  q u a n t i t y  fo u n d . 
T h e r e f o r e ,  t h e r e  may be no  n e e d  f o r  t h e  a m p h ip o d  t o  s e a r c h  f o r  
s ta n d in g  b o d ie s  o f  w a te r .
7 .2 .5  O o s te g i te s  and d e s ic c a t i o n  r e s i s t a n c e  o f  eggs
I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  o o s t e g i t e s  o f  A u s t r o t r o i d e s  
c r e n a tu s , w hich  a r e  b ro a d e r  th a n  th o s e  o f  s i m i l a r  A u s t r o t r o id e s  s%%)., 
w ere  d e v e lo p e d  in  re s p o n s e  to  th e  c l im a te  o f  th e  A d e la id e  ( A u s tr a l ia )  
a r e a  w h ic h  i s  much d r i e r  t h a n  t h e  f o r e s t s  o f  W e s te rn  A u s t r a l i a  
( F r i e n d ,  1 9 8 2 ). I n  t h i s  c o n n e c t i o n ,  i t  i s  i n t e r e s t i n g  t h a t  t h e  f u l l y  
d e v e lo p e d  o o s t e g i t e s  o f  th e  lan d h o p p e r  A. d o r r i e n i  have a  much s m a l le r  
s u r f a c e  a r e a  t h a n  t h o s e  t a k e n  f ro m  Q r c h e s t i a  g a m m a r e l lu s  o r  Q. 
m e d i t e r r a n e a  (M oore an d  S p i c e r ,  19 8 6 ; J . I . S .  U n p u b l. o b s . ) . T h i s  may 
be r e l a t e d  to  th e  o c c u rre n c e  o f  d e s ic c a to r y  s t r e s s  in  t h e i r  r e s p e c t i v e  
h a b i t a t s ;  0^  g a m m a re llu s  i s  s u b je c t  to  g r e a t e r  e x tre m e s  o f  h u m id ity  
v a r i a t i o n  in  th e  s u p r a - l i t t o r a l  zone th a n  ^  d o r r i e n i  w h ich  i n h a b i t s
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t h e  r e l a t i v e l y  s t a b l e  (p e rh a p s )  s a t u r a t e d  e n v i r o n m e n t  o f  t h e  l e a f  
l i t t e r .
7 .2 .6  C o n c lu s io n s
I t  i s  e v id e n t  t h a t  o u r know ledge o f  th e  e f f e c t s  o f  h u m id ity  on 
t a l i t r i d  am ph ipoas i s  g r o s s ly  d e f i c i e n t .  As n o te d  a b o v e , much e x i s t i n g  
w ork i s  o f  v e ry  l i t t l e  c o m p a ra tiv e  v a lu e . I t  i s  c l e a r  t h a t  t a l i t r i d s  
i n  g e n e ra l  a r e  e x tr e m e ly  s u s c e p t ib l e  to  d e s i c c a t i o n ,  f a r  m ore so  th a n  
o th e r  t e r r e s t r i a l  a r th ro p o d  g ro u p s , b u t c h o ic e  e x p e r im e n ts  in v o lv in g  
m o re  r e a l i s t i c  g r a d a t i o n s  o f  h u m i d i t y  n e e d  t o  b e  p e r f o r m e d ,  
p a r t i c u l a r l y  w i t h  r e g a r d  t o  t h e  l e a f  l i t t e r  i n h a b i t a n t s .  I t  i s  
s u g g e s te d  f o r  th e  f u t u r e ,  t h a t  e x p e r im e n ta l  te c h n iq u e s  and a n im a l body 
s i z e  be s ta n d a r d is e d  a s  f a r  a s  p o s s ib le  and t h a t  a  num ber o f  d i f f e r e n t  
s p e c ie s  be exam ined  s im u l ta n e o u s ly ,  under i d e n t i c a l  c o n d i t io n s .
7 .3  IONIC AND OSMOTIC REGULATION
7 .3 .1  I n t r o d u c t io n
The a b i l i t y  t o  m a in ta in  a  s u i t a b l e  i n t e r n a l  m i l ie u  in  th e  f a c e  o f  
o s m o tic  s t r e s s  h a s  p la y e d  a  m o st im p o r ta n t  r o l e  in  a n im a l e v o lu t io n  
f o r  tw o  m a in  r e a s o n s .  F i r s t ,  a n im a l s  a r e  r e s t r i c t e d  i n  t h e i r  
g e o g ra p h ic a l  d i s t r i b u t i o n  by e n v i r o n m e n ta l  f a c t o r s ,  o n e  o f  t h e  m o s t  
im p o r ta n t  o f  w h ich  i s  th e  o s m o tic  n a tu r e  o f  th e  e n v iro n m e n t. Second, 
g e o g ra p h ic a l  d i s p e r s a l  fo llo w e d  by g e n e t i c  i s o l a t i o n  i s  an  im p o r ta n t  
m e c h a n is m  f o r  t h e  e v o l u t i o n a r y  d i v e r g e n c e  o f  s p e c i e s .  I t  c o u ld  be  
a rg u e d  t h a t  th e  a r th r o p o d s ,  and in  p a r t i c u l a r  th e  i n s e c t s ,  w ould have 
been  l e s s  s u c c e s s f u l  in  t h e i r  in v a s io n  o f  f r e s h - w a te r  and la n d  i f  th e y  
h a d  n o t  e v o lv e d  a  m ean s o f  r e g u l a t i n g  t h e i r  e x t r a c e l l u l a r  i o n i c  
m i l ie u .  I t  h a s  been  s u g g e s te d  r e c e n t ly  t h a t  p h y s io lo g ic a l  a d a p ta t io n s
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t o  r e t a i n  io n s  i n  th e  body have been  more im p o r ta n t  in  th e  e v o lu t io n  
o f  th e  la n d h o p p e rs  th a n  a d a p ta t io n s  to  r e s i s t  d e s i c c a t i o n  (F rie n d  and 
R ic h a r d s o n ,  1 9 8 6 ) . T h i s  t h e o r y  i s  s u p p o r t e d  by  t h e  f a c t  t h a t ,  a s  we 
h a v e  s e e n ,  h u m id i ty  t o l e r a n c e  a p p e a r s  t o  be b e t t e r  d e v e lo p e d  i n  t h e  
b e a c h f l e a  g e n e r a  t h a n  t h e  l a n d h o p p e r s ,  a l t h o u g h  i t  m u s t  b e  k e p t  i n  
m ind t h a t  t h e r e  i s  a s  y e t  no c o n c lu s iv e  e v id e n c e  f o r  su ch  a  d i f f e r e n c e  
e x i s t i n g  b e tw een  a n im a ls  o f  e q u iv a le n t  w e ig h t.
7 .3 .2  O sm o re g u la tio n  .
eskianne. environment
T a l i t r i d  a m p h ip o d s  h a v e  c o l o n i s e d  b o th  t h e  f r e s h - w a t e r j a n d  s o  
h ig h ly  d e v e lo p e d  p o w e rs  o f  o s m o tic  r e g u la t i o n  may be a n t i c i p a t e d  (see  
B o u s f ie ld ,  1958 i n  h i s  l i s t  o f  t e r r e s t r i a l  a d a p ta t io n s ) .  Y et d e s p i t e  
t h i s ,  v e ry  l i t t l e  p e r t i n e n t  d a ta  e x i s t  in  th e  l i t e r a t u r e .  In d eed  w ith  
t h e  e x c e p t io n  o f  t h e  d a t a  p r e s e n t e d  in  c h a p te r  b a n d  a  few  i s o l a t e d  
v a lu e s  s c a t t e r e d  th o u g h o u t th e  l i t e r a t u r e ,  (Bock, 1967; L i t t l e ,  1983; 
M o loney  a n a  N i c o l s o n ,  1 9 8 4 ) ,  t h e  o n ly  p a p e r s  t o  d e a l  w i t h  t a l i t r i d  
(b e a c h f le a  on ly) o s m o re g u la t io n  a r e  th o s e  o f  Bock (1967) and Moore and 
F r a n c i s  (1 9 8 5 a ) . (N o te : F u r t h e r  s t u d i e s  a r e  a t  p r e s e n t  b e in g  c a r r i e d  
o u t  on t a l i t r i d  o s m o re g u la t io n , in c lu d in g  a  f u l l y  t e r r e s t r i a l  s p e c ie s  
a t  B r i s t o l  u n i v e r s i t y ;  D r. C. L i t t l e ,  p e r s .  com m .).
B o th  Q r c h e s t i a  g a m m a r e l lu s  and  P l a t o r c h e s t i a  ( = O r c h e s t i a )  
p l a t e n s i s  h y p e r - r é g u l a t e  w hen f e d  e i t h e r  w i t h  fo o d  o f  a  r e d u c e d  
s a l i n i t y  o r  w hen im m e rs e d  i n  d i l u t e  m e d ia  an d  h y p o r e g u l a t e  u n d e r  
c o n d i t i o n s  o f  h y p e r s a l i n e  e x p o s u r e .  A s i m i l a r  a b i l i t y  i s  fo u n d  i n  
f u l l y  m arin e  am phipods su ch  a s  Gammarus d u e b e n i and G. o c e a n ic u s . B oth  
o f  t h e s e  f e a t u r e s  h a v e  b e e n  r e g a r d e d  a s  p r e - a d a p t a t i o n s  t o  
t e r r e s t r i a l  e x i s t a n c e  in  o th e r  c ru s ta c e a n  g ro u p s  (M ante l and F a rm e r, 
1 9 8 3 ) . I t  s h o u ld  be  n o t e d ,  h o w e v e r ,  t h a t  i n  0 ^  g a m m a r e l lu s , t h i s  
a b i l i t y  i s  a p p a r e n t l y  l e s s  e f f i c i e n t  w hen t h e  a n im a l  i s  im m e rs e d  
(M oore and  F r a n c i s ,  1 9 8 5 a ; s e e  a l s o  P r i c e  an d  H o l d r i c h ,  1 9 8 0 ) . T h i s
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m ay be  d u e  t o  t h e  i n a p p r o p r i a t e  n a t u r e  o f  t h i s  m edium  f o r  O. 
g a m m a re llu s .
W h ile  t h e  r e l a t i v e  HCY c o n t e n t  o f  a m p h ip o d  h aem o ly m p h  b e c o m e s  
m ore s t a b l e  w i th  th e  move o n to  la n d ,  th e  l e v e l  and ran g e  o f  a b s o lu te  
HCY c o n te n t  may be u n a f f e c te d  by th e  a n im a ls ' e c o lo g ic a l  p o s i t i o n  on 
t h e  s h o r e  ( W i e s e r ,  1 9 6 5 ) .  T h e  s t a b i l i t y  o f  t h e  r e l a t i v e  HCY 
c o n c e n t r a t i o n  i n  Q r c h e s t i a  may be  i n d i c a t i v e  o f  a  s t r i c t  c o n t r o l  
m e c h a n is m  p e r h a p s  r e l a t e d  t o  t h e  r o l e  o f  t h i s  m o l e c u l e  i n  
o s m o re g u la t io n .
Two d i f f e r e n t  t y p e s  o f  r e l a t i o n s h i p  b e tw e e n  b lo o d  p r o t e i n  an d  
b lo o d  o s m o l a r i t y  h a v e  b e e n  fo u n d  f ro m  e x a m i n a t i o n  o f  a  num ber o f  
m a r in e  a n d  s e m i - t e r r e s t r i a l  C r u s t a c e a  (P eq u eu x  £ t  a l . ,  1 9 7 9 ) . I n  
a q u a t i c  e u r y h a l i n e  s p e c i e s  i n c l u d i n g  C a r c in u s  m a e n a s , t h e r e  i s  a n  
in v e r s e  r e l a t i o n s h i p  be tw een  b lo o d  p r o t e i n  and b lo o d  o s m o la r i ty ,  f o r  
r e a s o n s  s i m i l a r  t o  th o s e  o u l in e d  ab o v e , b u t  in  th e  s e m i - t e r r e s t r i a l  
s p e c i e s  r e p r e s e n t e d  b y  U ca m in a x  a n d  Q c y p o d e  q u a d r a t u s , t h e  
r e l a t i o n s h i p  i s  d i r e c t .  P e q u e u x  e t  (1979) p o s t u l a t e d  t h a t  t h e  
r e a s o n  f o r  t h i s  c o u p l in g  o f  h i g h  b lo o d  p r o t e i n  w i th  h ig h  b lo o d  
o sm o la r  i t y  may r e l a t e  to  th e  m a in te n a n c e  o f  c o l l o i d a l  o sm o tic  p r e s s u r e  
i n  th e  body f l u i d s  (bulsee aiddohswsen.. ;) in  a n im a ls  c o n t i n u a l l y
c o n f ro n te d  w i th  p ro b le m s  o f  w a te r  a v a i l a b i l i t y .
D e s p i te  th e  s e m i - t e r r e s t r i a l  h a b i t  o f  g a m m a re llu s , i t  i s  
c l e a r  t h a t  t h i s  s p e c i e s  i s  m o re  c l o s e l y  a l l i e d  t o  t h e  a q u a t i c  
e u r y h a l in e  d e cap o d s  in  i t s  m ethod o f  b lo o d  and c e l l  volum e r e g u la t i o n ,  
t h a n  t o  t h e  s e m i - t e r r e s t r i a l  s p e c i e s  e x a m in e d  by P eq u e u x  e t  a l . 
(1 9 7 9 ). T h i s  f e a t u r e  may be  i n d i c a t i v e  o f  t h e  g e n e r a l l y  w a t e r -  
s a tu r a t e d  e n v iro n m e n t in h a b i te d  by ev en  th e  m ost t e r r e s t r i a l  o f  th e  
t a l i t r i d  g e n e r a .  U n d e r  s u c h  c o n d i t i o n s ,  w a t e r  l o s s  ( p e r h a p s  
s u r p r i s i n g l y )  i s  n o t  t o  be r e g a r d e d  a s  t h e  p r e - e m i n e n t  b a r r i e r  t o
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t a l i t r i d  a m p h ip o d s  c o l o n i s a t i o n  o f  l a n d  ( s e e  a b o v e ) .  I n d i v i d u a l s  
o c c u r r i n g  a b o v e  t h e  h ig h  w a te r  m ark  (AHW a n im a ls )  h a v e  a  b lo o d  an d  
t i s s u e  c o m p o s i t i o n  q u a n t i t a t i v e l y  ( i f  n o t  q u a l i t a t i v e l y )  d i f f e r e n t  
from  t h e i r  BHW c o u n te r p a r t s .  They a r e  c h a r a c te r i s e d  by a  low  t o t a l  FAA 
and  a  low  i o n ic  c o n te n t  (p roducing  a  low  o s m o tic  p r e s s u r e ) ,  to g e th e r  
w i th  a  h ig h  b lo o d  p r o t e i n  c o n c e n t r a t io n  (as opposed  to  h ig h  t o t a l  FAA, 
h ig h  o s m o l a r i t y  a n d  lo w  p r o t e i n  c o n t e n t  w h ic h  i s  c h a r a c t e r i s t i c  o f  
m o st BHW a n im a ls ) .  P re su m ab ly  a s  t h i s  s i t u a t i o n  i s  f u l l y  r e v e r s i b l e ,  
th e  d i f f e r e n c e  i s  e n v iro n m e n ta l ly  induced  and a  g e n e t i c  com ponent i s  
u n l i k e l y .  T h i s  d o e s  n o t ,  h o w e v e r , a l t e r  t h e  f a c t  t h a t  t h e  o x y g e n  
t r a n s p o r t i n g  p r o p e r t i e s  o f  th e  b lo o d  o f  th e  tw o g ro u p s  a r e  d i f f e r e n t .
I n  t h e  A z o r e s ,  0 ^  g a m m a r e l lu s  i s  fo u n d  f a r  i n l a n d  an d  h a s  
p o s s i b l y  ' t h r o w n - o f f '  a  f u l l y  t e r r e s t r i a l  s p e c i e s  (H u r le y ,  1 9 6 8 ) , 0 . 
c h e v r e u x i  ( A n d e r s s o n ,  1 9 6 1 ) .  A s i m i l a r  c a s e  e x i s t s  w i t h  tw o  
p o p u l a t i o n s  o f  P ^  p l a t e n s i s  (T a m u ra  a n d  K o e s k i ,  1 9 7 4 )  w h e r e  
m o rp h o lo g ic a lly  i d e n t i c a l  a n im a l s  i n h a b i t  b o th  s e a - s h o r e  an d  l o c a l  
f o r e s t  e n v i r o n m e n t s  ( a l th o u g h  i t  i s  now c o n s i d e r e d  t h a t  t h e s e  a r e  
d i s t i n c t  s p e c ie s .  They a r e  c e r t a i n l y  s e p a r a te d  by t h e i r  r e p r o d u c t iv e  
b e h a v io u r .  I t  c o u ld  be e x p e c te d  t h a t  0 ^  c h e v r e u x i  a n a  0 ^  p l a t e n s i s  
u a p o n ic u s  w ould  e x h i b i t  b lo o d  / t i s s u e  c h a r a c t e r i s t i c s  s i m i l a r  to  AHW
0 . g a m m a re llu s . C o n se q u e n tly , g e n e t i c  i s o l a t i o n  o f  th e s e  s p e c ie s  from  
t h e i r  s e a - s h o r e  p r o g e n i t o r s  w i l l  r e s u l t  i n  a  d i v e r g e n c e  in  t h e i r  
b l o o d / t i s s u e  c h a r a c t e r i s t i c s  w i th  th e  r e s u l t a n t  co n seq u e n c e s  f o r  th e  
t r a n s p o r t  o f  oxygen  in  th e  b lo o d  (see  b e low ). I t  w ou ld , t h e r e f o r e ,  be 
o f  g r e a t  i n t e r e s t  t o  com pare th e  io n ic  and o s m o tic  r e g u la to r y  a b i l i t y  
a n d  m e c h a n is m s  o f  a  c l o s e l y  r e l a t e d  p a i r  o f  s p e c i e s  s u c h  a s  Q. 
g a m m a r e l lu s  a n d  0 . c h e v r e u x i . S i m i l a r l y ,  f u r t h e r  c o m p a r is o n  o f  t h e  
b e a c h f l e a  s p e c i e s  w i t h  som e t r u e  la n d h o p p e r  s p e c i e s  may s h e d  som e 
l i g h t  on  t h e  i n t e r s p e c i f i c  d i f f e r e n c e s  i n  p h y s io l o g y  i n  t h e s e  tw o  
g ro u p s .
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T a b le  7 .1  V a lu e s  f o r  t h e  o s m o t i c  p r e s s u r e  o f  t a l i t r i d  a m p h ip o d  
haemolymph.
S p e c ie s O .P . (mOsm)
Q r c h e s t i a  gamarflarellus 828
Q r c h e s t i a  cav im ana 360
P l a t o r c h e s t i a  p l a t e n s i s  806
T a l o r c h e s t i a  c a p e n s is  836
U n id e n t i f ie d  eu ­
t e r r e s t r i a l  t a l i t r i d 400
R e fe re n c e
Moore and F r a n c is  (1985a) 
J . I . S . ,  u n p u b lish e d  
Bock (1967)
M oloney and N ic o lso n  (1984) 
L i t t l e  (1983)
136
T a b le  7.1 c o n ta in s  a l l  known v a lu e s  f o r  th e  o s m o tic  p r e s s u r e  o f  
t a l i t r i d  am phipod haemolymph. T hese  v a lu e s  a r e  a l l  c o m p a ra t iv e ly  h ig h , 
i n c l u d i n g  0 ^  c a v im a n a  an d  t h e  l e a f - h o p p e r  s p e c i e s .  T h i s  i s  o f t e n  
r e g a r d e d  a s  e v id e n c e  f o r  t r a n s i t i o n  o n to  l a n d  v i a  t h e  l i t t o r a l  z o n e  
r a t h e r  th a n  a  r o u te  in v o lv in g  f r e s h - w a te r .  However, t h i s  i s  n o t  by any  
m ea n s  c e r t a i n  s i n c e  0 . c a v im a n a  i s  a  f r e s h - w a t e r  t a l i t r i d  w h ic h  h a s  
b e e n  fo u n d  f a r  i n l a n d  (D o rsm an , 1 9 3 5 ) . I t  may b e ,  w h i l e  l a n d h o p p e r s  
h a v e  a  l i t t o r a l  o r i g i n ,  t h a t  t h e  m o re  t e r r e s t r i a l  b e a c h f l e a  s p e c i e s  
may have c o lo n is e d  la n d  v i a  b o th  f r e s h - w a te r  and s u p r a - l i t t o r a l  m a r in e  
r o u t e s .  H a v in g  d a t a  on o n ly  tw o  b e a c h f l e a  s p e c i e s  th o u g h ,  i t  i s  
im p o s s ib le  t o  a s s e s s  th e  e c o lo g ic a l  s ig n i f i c a n c e  o f  any  i n t e r g e n e r i c  
d i f f e r e n c e s  t h a t  may e x i s t .
7 .3 .3  I o n ic  r e g u la t i o n
I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  m a in te n a n c e  o f  c h l o r i d e  i o n  
c o n c e n t r a t i o n  i s  r e s p o n s i b l e  f o r  l i m i t i n g  t h e  p e n e t r a t i o n  o f  
t e r r e s t r i a l  b e a c h f l e a s  t o  o c e a n i c  i s l a n d s  o r  m a r i t i m e  h a b i t a t s  
(B o u s f ie ld , 1968). A r e c e n t  s tu d y ,  how ev er, h a s  p ro v id e d  some e v id e n c e  
t h a t  th e  c r i t i c a l  io n  s p e c ie s  may n o t  be c h lo r id e  b u t  i t s  a s s o c i a te d  
c a t i o n  s o d iu m  (M oore a n d  F r a n c i s ,  1 9 8 6 a ) . T h e r e f o r e ,  i t  i s  n o t  
s u r p r i s i n g  t h a t  t h i s  io n  i s  s o  w e l l  r e g u l a t e d  by 0^ g a m m a r e l lu s  
( c h a p t e r  6 ) .  Q r c h e s t i a  g a m m a r e l lu s  c a n  t o l e r a t e  a  c o n c e n t r a t i o n  o f  
s o d iu m  i o n s  t h r e e  o r d e r s  o f  m a g n i tu d e  b e lo w  t h a t  o f  s e a w a t e r .  T h i s  
a m p h i p o d ,  h o w e v e r ,  c o u l d  n o t  e x i s t  o n  n a t u r a l  o r  e n h a n c e d  
c o n c e n t r a t io n s  o f  c a lc iu m  o r  p o ta s s iu m  (c h lo r id e s )  a lo n e  when sod ium  
io n s  w ere  rem oved (Moore and F r a n c i s ,  1986a). The s u g g e s t io n  t h a t  th e  
d i f f e r e n c e  b e tw een  b e a c h f le a s  and  la n d h o p p e rs  l i e s  in  t h e i r  d i f f e r i n g  
io n ic  r e g u la to r y  a b i l i t i e s  h a s  y e t  t o  be s u b s ta n t i a t e d .  The a t t r a c t i o n
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o f  t h i s  t h e o r y ,  co m e s  m a in ly  f ro m  t h e  r e j e c t i o n  o f  d e s i c c a t i o n  
t o l e r a n c e  a s  a  m a jo r  c r i t e r i o n  f o r  l a n d  l i f e  a n d  no m o re  l i k e l y  
e x p la in a t io n s  have  been  p u t  f a r  w ard . The th e o ry  h a s  one  d is a d v a n ta g e  
i n  t h a t  i t  p r e s u p p o s e s  t h a t  no b e a c h f l e a  s p e c i e s  h a s  e v o lv e d  v i a  a  
f r e s h - w a te r  ro u te .
A l th o u g h  m a r in e  d e c a p o d s  s t o r e  som e c a l c iu m ,  t h e y  l o s e  a  l a r g e  
p r o p o r t i o n  o f  t h e i r  t o t a l  b o d y  c a lc iu m  w hen t h e y  m o u l t  (P a s s a n o ,  
1 9 6 0 ) . T h i s  i s  r e g a i n e d  by a c t i v e  r e a b s o r p t i o n  f ro m  t h e  s u r r o u n d i n g  
s e a w a te r  (R o b e rtso n , 1960). S e m i - t e r r e s t r i a l  am phipods no lo n g e r  have 
u n l im i te d  a c c e s s  to  th e  se a . In  co n seq u en ce , c a lc iu m  s to r a g e  i s  h ig h  
e g . i n  Q r c h e s t i a  (G r a f ,  1 9 6 5 , 1 9 7 4 ; c f .  a l s o  G r a f ,  1 9 6 6 , 1 9 6 7 , 1 9 7 1 , 
1972) an d  i n  o t h e r  t e r r e s t r i a l  C r u s t a c e a  (S p a rk e s  a n d  G re e n a w a y , 
1984). I t  i s  known t h a t  c a lc iu m  l e v e l s  in  th e  haem olym ph f l u c t u a t e  in  
re s p o n s e  t o  s a l i n i t y  ch an g es ( c h a p te r  5) a s  w e l l  a s  d u r in g  d i f f e r e n t  
s t a g e s  o f  t h e  m o u l t  c y c l e  i n  Q. g a m m a r e l lu s  ( G ra f ,  1 9 7 1 ) . D u r in g  t h e  
p r e - e x u v ia l  p e r io d ,  c a lc iu m  re a b s o rb e d  from  th e  o ld  c u t i c l e  i s  s to r e d  
i n  t h e  fo rm  o f  c a l c a r e o u s  c o n c r e t i o n s  in  t h e  p o s t e r i o r  c a e c a  o f  t h e  
m id g u t .  I n  t h e  p o s t - e x u v i a l  p e r i o d  s u c h  s t o r e d  c o n c r e t i o n s  a r e  
e x tru d e d  in to  th e  haem olym ph and re a b s o rb e d  w i th in  one o r  tw o days t o  
m in e r a l i s e  th e  new c u t i c l e  (M eyran e t  a l . ,  1984). P re su m a b ly  a  s i m i l a r  
p r o c e s s  o c c u rs  in  la n d h o p p e rs , in  w h ich  i t  sh o u ld  be o f  even  g r e a t e r  
im p o rta n c e  (see  be low ).
R e id  (1947) n o te d  t h a t  w h i l e  m o s t  a m p h ip o d s  h a r d e n  t h e i r  
e x o s k e le to n  by c a lc iu m  c a rb o n a te  d e p o s i t io n ,  t h i s  d id  n o t  a p p e a r  to  be 
a  f e a t u r e  o f  t h e  T a l i t r i d a e .  He s u g g e s t e d  t h a t ,  r a t h e r  t h a n  t h i s  
" p h y s io lo g ic a l  p e c u l i a r i t y "  b e in g  r e l a t e d  to  l i g h t e n in g  th e  w e ig h t o f  
a  s a l t a t o r y  a n im a l,  th e  "ab sen ce  o f  such  a  s t i f f e n i n g  m a t e r i a l  m ig h t 
h e lp  t o  make t e r r e s t r i a l  e x i s t e n c e  e a s i e r  in  t h a t  a  s u p p le  a n im a l i s  
b e t t e r  f i t t e d  f o r  c ra w lin g  in to  d ry  a p e r tu r e s  th a n  i s  a  r i g i d  one."
S u ch  s o f t e n i n g  o f  t h e  e x o s k e l e t o n ,  h o w e v e r , may be  c o n f i n e d  t o
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t h e  b e a c h f l e a  a n d  s a n d h o p p e r  g e n e r a .  H a s w e l l  (1 8 8 2 ) , d e s c r i b i n g  
T a lo r c h e s t i a  m arm o ra ta  (w hich d e s p i t e  i t s  g e n e r ic  a t t r i b u t i o n  b e lo n g s  
t o  B o u s f i e l d 's  g r o u p  IV : 1 , t h e  l a n d h o p p e r s )  n o te d  t h a t  t h e  w h o le  
in te g u m e n t  w as  v e r y  h a r d .  D uncan  (1985a) h a s  a l s o  n o t e d  t h a t  t h e  
c u t i c l e  o f  l a n d h o p p e r s  i s  w e l l  s u p p o r t e d  by c a l c iu m  c o m p o u n d s . 
P e r s o n a l  o b s e r v a t i o n s  on A r c i t a l i t r u s  d o r r i e n i  c o n f i r m  t h a t  t h e  
a p p e a r a n c e  an d  t e x t u r e  o f  t h e  i n te g u m e n t  i s  m ore c l o s e l y  r e l a t e d  t o  
t h a t  o f  m a r in e  a m p h ip o d s  t h a n  t o  t h e  s u p r a - l i t t o r a l  b e a c h f l e a s  
r e f e r r e d  to  by R eid  (1947). T h is  w ould  seem to  s u g g e s t  t h a t  s e l e c t i v e  
p r e s s u r e  le a d in g  to w a rd s  s u p p le n e s s  o f  th e  in te g u m e n t in  th e  b e a c h f le a  
a n d  s a n d f l e a  g r o u p s  w as n o t  p r e s e n t  i n  t h e  c a s e  o f  t h e  m o s t  a n c i e n t  
lan d h o p p e r g ro u p . W hat i s  n o t  in  d o u b t , how ever, i s  t h a t  an  im p o r ta n t  
p h y s io lo g ic a l  d i f f e r e n c e  e x i s t s  b e tw e en  th e  two g ro u p s  a s  r e g a r d s  th e  
m echanism  o f  c a l c i f i c a t i o n .  C o m p a ra tiv e  s tu d ie s  on t h i s  t o p ic  d e s e rv e  
h ig h  p r i o r i t y  in  th e  f u tu r e ,  W ie se r  (1967) has  o u t l in e d  th e  p ro b le m  o f  
c o p p e r  a v a i l a b i l i t y  an d  s t o r a g e  i n  C r u s ta c e a  t h a t  no  l o n g e r  h a v e  
r e c o u r s e  t o  t h e  s e a .  I t  i s  s i m i l a r  i n  n a t u r e  t o  t h a t  o u t l i n e d  a b o v e  
f o r  c a lc iu m . The cop p er c o n te n t  o f  th e  h e p a to p a n c re a s  o f  Q r c h e s t i a  i s  
e l e v a t e d  a n d  l e s s  v a r i a b l e  t h a n  i n  a  num ber o f  a q u a t i c  a m p h ip o d  
s p e c ie s  (W ieser, 1965). T h is  w as a l s o  o b se rv ed  in  th e  w o o d lic e , w h ich  
hav e  been m ore th o ro u g h ly  s tu d ie d  th a n  th e  T a l i t r i d a e ,  w here  su ch  h ig h  
c o p p e r  c o n c e n t r a t i o n s  a r e  r e l a t e d  t o  t h e  need  t o  c o n s e r v e  i o n s  t h a t  
h a s  r e s u l t e d  f r o m  t h e  m ove o n t o  l a n d  ( L i t t l e ,  1 9 8 3 ) .  I n  t h e  
t e r r e s t r i a l  i s o p o d s ,  c o p p e r  i s  o b t a i n e d  fro m  t h e i r  d e c a y in g  l e a f  
l i t t e r  fo o d  (C o u g h tre y  e t  a l . ,  1 9 8 0 ) ; t h e  e f f i c i e n c y  o f  c o p p e r  
a s s i m i l a t i o n  v a r i e s  in v e r s e ly  w i th  th e  m o is tu re  c o n te n t  and  th e  s t a t e  
o f  p r e s e r v a t i o n  (u n d e c a y e d )  o f  t h e  l e a f  l i t t e r  ( W ie s e r ,  1 9 6 8 ) . A 
s i m i l a r  s i t u a t i o n  may o c c u r  i n  t h e  T a l i t r i d a e  b u t ,  a s  y e t ,  t h i s  i s  
s t i l l  s u b je c t  t o  i n v e s t ig a t io n .
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F u l l y  t e r r e s t r i a l  a m p h ip o d s  a r e  s u b j e c t e d  t o  l o w e r  
e n v i r o n m e n t a l  pH c o n d i t i o n s  t h a n  a r e  t h e i r  a q u a t i c  ( m a r in e )  
c o u n t e r p a r t s  ( F r i e n d  an d  R ic h a r d s o n ,  1 9 7 7 ). Some r e c e n t  w ork  on  t h e  
s e m i - t e r r e s t r i a l  O. g a m m a re llu s  (Moore and F r a n c is ,  1986a) h a s  shown a  
m arked d e g re e  o f  ^  to le r a n c e  in  t h i s  s p e c ie s  a l th o u g h  s u b - l e t h a l  pH 
v a l u e s  may i n t e r f e r e  w i t h  v i t a l  p r o c e s s e s  l i k e  f e e d i n g  (M oore an d  
F r a n c is ,  1985b). Such p h y s io lo g ic a l  t o le r a n c e s  may be p r e - a d a p t iv e  f o r  
th e  f u l l y  t e r r e s t r i a l  e n v iro n m en t.
7 . 4  NITROGEaSIOUS EXCRETION
An i m p o r t a n t  d i f f e r e n c e  b e tw e e n  t e r r e s t r i a l  a r t h r o p o d s  f ro m  a  
v a r i e t y  o f  g r o u p s  i s  t h e  n a t u r e  o f  t h e i r  n i t r o g e n o u s  e n d  p r o d u c t s .  
C r a b s ,  w o o d l i c e  a n d  m y r ia p o d s  e x c r e t e  n i t r o g e n  m a in ly  a s  am m onia 
w h e re as  a r a c h n id s  and i n s e c t s  e x c r e te  in s o lu b le  p u r in e s ,  g u a n in e  and 
u r i c  a c id  t h e  l a s t  o f  w h ic h  r e d u c e s  w a te r  l o s t  d u r i n g  e x c r e t i o n  
( L i t t l e ,  1983). D re s e l  and M oyle (1950) found t h a t  0 ^  g a m m a re llu s  had 
a d a p te d  to  a  t e r r e s t r i a l  l i f e  w h i le  r e t a in in g  a  p r i m i t i v e  am m o n o te lic  
ty p e  o f  m e t a b o l i s m .  The s u p p r e s s i o n  o f  n i t r o g e n  m e ta b o l i s m  i n  
t e r r e s t r i a l  iso p o d s  and am phipods a s  th e y  s u g g e s te d , h o w ev er, h a s  been  
show n  to  be  w ro n g  i n  t h e  c a s e  o f  t h e  fo rm e r  (W ie s e r  e t  a l . ,  1 9 6 9 ). I t  
may be t h a t  t h i s  i s  a l s o  t r u e  f o r  th e  am phipods.
L i t t l e  (1983) su g g e s te d  t h a t  th e  a p p a re n t  r e d u c t io n  in  e x c re te d  
n i t r o g e n  p r o b a b l y  r e f l e c t e d  t h e  u s e  o f  g a s e o u s  am m o n ia  a s  a n  en d  
p r o d u c t .  I n  t h e  T a l i t r i d a e  t h e  a n t e n n a l  g la n d  h a s  b e e n  l o s t  (o r  a t  
l e a s t  i s  g r e a t l y  reduced) and i t  i s  th o u g h t t h a t  e x c r e t i o n  ta k e s  p la c e  
v i a  t h e  d i g e s t i v e  t r a c t  ( B o u s f i e l d ,  p e r s  comm, i n  K a e s t n e r ,  1 9 7 0 ) . 
T h is  w ould a l s o  a p p e a r  t o  be t r u e  f o r  e u t e r r e s t r i a l  la n d h o p p e r  s p e c ie s  
(S ee  M o rto n , i n  F r i e n d  a n a  R ic h a r d s o n ,  1 9 8 6 ). F r i e n d  a n d  R ic h a r d s o n  
(1986) have com m ented r i g h t l y  t h a t  th e  r e t e n t i o n  o f  an  a m m o n io te lic
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n itro g e n o u s  e x c r e t i o n  i s  n o t  s u r p r i s i n g  c o n s id e r in g  th e  m o is t  h a b i t a t  
o f  th e  T a l i t r i d a e .  I t  i s  a l s o  o f  i n t e r e s t  in  t h i s  c o n n e c t io n  t h a t  th e  
s e m i - t e r r e s t r i a l  0^  g a m m a re llu s  show s g r e a t e r  t o le r a n c e  t o  in c r e a s e d  
ammonia c o n c e n t r a t io n s  th a n  d o es  th e  f r e s h - w a te r  Gammarus p u le x  (Moore 
and  F r a n c is ,  1986a).
The u r i c  a c id  (a p o s s ib l e  a l t e r n a t i v e  w a s te  p ro d u c t)  c o n te n t  o f  
w h o le  a n im a ls  w as s i m i l a r  i n  b o th  s e m i - t e r r e s t r i a l  (Q r c h e s t i a  s p .
-
0 .0 8  mg.g w e t  w t.)  an d  m a r in e  (M a rin o g a m m a ru s  s p p . 0 .07  -  0 .10  m g.g 
w e t w t.) am phipods (D rese l and M oyle, 1950).
I t  i s  c l e a r  t h a t  o u r  k n o w le d g e  o f  n i t r o g e n o u s  e x c r e t i o n  i n  
t a l i t r i d  a m p h ip o d s  i s  g r o s s l y  d e f i c i e n t .  From  t h e  l i t t l e  e v id e n c e  
c u r r e n t l y  a v a i l a b l e ,  i t  c o u ld  be  s u g g e s t e d  t h a t  t h e r e  h a s  b e e n  no 
c h a n g e  in  t h e  m e th o d  o f  n i t r o g e n o u s  e x c r e t i o n  a c c o m p a n y in g  t h e  
t r a n s i t i o n  from  s e a  to  la n d  in  am phipod C ru s ta c e a . T h is  r e t e n t i o n  o f  
an  a m m o n io te lic  n i tro g e n o u s  e x c r e t i o n  may be a s s o c ia te d  w i th  th e  m o is t  
c h a r a c t e r  o f  t a l i t r i d  h a b i t a t s .  E q u a l ly ,  i t  may h i g h l i g h t  o u r  
i g n o r a n c e  o f  t h e  b a s i c  p r o c e s s e s  in v o lv e d  an d  o u r  r e l i a n c e  o n  
e x t r a p o la t io n  from  o th e r  g ro u p s .
7 .5  RESPIRATION
7 .5 .1  A e r ia l ;A q u a t ic  r e s p i r a t i o n
I t  w o u ld  a p p e a r ,  i n  b o th  t h e  b e a c h f l e a  and  l a n d h o p p e r  s p e c i e s  
exam ined , t h a t  a s  a  s p e c ie s  becom es l e s s  d ep en d en t on s ta n d in g  b o d ie s  
o f  w a te r  f o r  i t s  s u r v i v a l ,  i t  l o s e s  th e  a b i l i t y  t o  m a in ta in  an  a e r i a l  
r a t e  o f  o x y g e n  c o n s u m p t io n  w hen su b m e rg e d  (se e  T a b le  3 .4  i n  c h a p t e r  
3 ) .  I n  m any i n s t a n c e s ,  h o w e v e r ,  t h i s  d o e s  n o t  r e s u l t  i n  t h e  d e a t h  o f  
t h e  a n im a l  a s  lo n g  a s  t h e  s t r e s s  o f  im m e rs io n  i s  n o t  com p o u n d ed  by  
o t h e r  e x t r a n e o u s  f a c t o r s  ( s e e  c h a p t e r  3. a l s o  B o w e rs , 1 9 6 4 ) . F o r  
e x am p le , none o f  th e  a n im a ls  exam ined  in  t h i s  p r e s e n t  s tu d y  s u rv iv e d
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im m ers io n  a t  t e m p e r a tu r e s  in  e x c e s s  o f  20^C. I t  i s  d i f f i c u l t  to  a s s e s s  
t h e  r e l a t i o n s h i p  b e tw e e n  t h e  l o s s  o f  b im o d a l  r e s p i r a t i o n  and  t h e  
r e d u c t io n  o f  g i l l  a r e a  in  th e  b e a c h f le a  and la n d h o p p e r  g ro u p s  s tu d ie d .  
In d e e d  w i t h o u t  p r o f o u n d  c h a n g e s  i n  t h e  n a t u r e  a n d / o r  s i t e ( s )  o f  g a s  
exchange  i t  i s  d i f f i c u l t  to  o f f e r  a  s a t i s f a c t o r y  e x p la n a t io n  f o r  th e  
s u p p re s s io n  o f  a q u a t i c  r e s p i r a t i o n  o b se rv e d  (see  b e lo w ). A r c i t a l i t r u s  
d o r r i e n i  (Group IV;1) and o th e r  f u l l y  t e r r e s t r i a l  la n d h o p p e rs  (Makawe 
(Q r c h e s t i a ) h u r l e y i  a n d  T a l o r c h e s t i a  (Q r c h e s t i a ) p a t e r s o n i  [G roup  
I V ; 2 j ;  K.W. D u n c a n , p e r s .  comm.) a r e  i n c a p a b le  o f  p r o lo n g e d  a q u a t i c  
im m ers io n  r e g a r d l e s s  o f  e x p o s u r e  t e m p e r a t u r e .  T hey  h a v e  c o m p l e te l y  
l o s t  th e  c a p a c i ty  t o  r e s p i r e  under w a te r  w ith  i n i t i a l  a e r i a l ; a q u a t i c  
o x y g e n  c o n s u m p t io n  r a t i o s  i n  t h e  r e g i o n  o f  2 -  3 , d e s p i t e  t h e  
r e t e n t i o n  o f  a n  a q u a t i c  g i l l  a r e a .  I t  i s  u n c l e a r ,  h o w e v e r ,  w h e th e r  
r e s p i r a t o r y  o r  o s m o tic  s t r e s s  was th e  p r im a ry  c a u se  o f  d e a th  (Duncan, 
1 9 6 9 ;  J . I . S .  u n p u b l .  o b s . ) . I n  t h e  c a s e  o f  t h e  S o u t h  A f r i c a n  
la n d h o p p e r  (g ro u p  IV ;1 ) T a l i t r i a t o r  e a s tw o o d a e  (M e th u e n , 1 9 1 3 ) , 
how ever, s u b m e rs io n  f o r  up to  10 d a y s  in  o r d in a r y  t a p  w a te r  seem s to  
h a v e  no  i l l  e f f e c t  (L a w re n c e , 1 9 5 3 ) . I t  i s  c l e a r  t h a t  t h e r e  i s  a  
g r e a t e r  n e e d  f o r  q u a n t i t a t i v e  d a t a  on t h e  s u r v i v a l  a n d  o x y g e n  
co n su m p tio n  in  a i r  and w a te r  o f  v a r io u s  lan d h o p p e r s p e c ie s  (bo th  IV 1 
and  2) b e fo r e  th e  o v e r a l l  p i c t u r e  becom es c le a r .
A l th o u g h  t h e r e  w as n o t  t h e  e x p e c t e d  i n c r e a s e  i n  m e ta b o l i s m  
s o m e t im e s  a s s o c i a t e d  w i t h  t h e  r e a d y  a v a i l a b i l i t y  o f  o x y g e n  i n  t h e  
a e r i a l  e n v i r o n m e n t  (E dney , 1960) b o th  b e a c h f l e a  a n d  la n d h o p p e r  
r e p r e s e n t a t i v e s  exam ined  in  c h a p te r  3 w ere  s t i l l  a b le  t o  m a in ta in  a  
c o n s ta n t  a e r i a l  oxygen co n su m p tio n  a t  3 0 f or  a  num ber o f  h o u rs  a f t e r  
i n i t i a l  e x p o s u re . In  c o n t r a s t ,  th e  i n t e r t i d a l  am ph ipods E^ o b tu s a tu s  
and E^ p i r l o t i , s u s ta in e d  a e r i a l  oxygen  c o n su m p tio n  was n o t  p o s s ib l e  
a t  t e m p e r a t u r e s  i n  e x c e s s  o f  250^^ T h i s  i s  c l e a r l y  a n  a d a p t a t i o n  t o
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th e  in c r e a s e  i n  te m p e ra tu re  f l u c t u a t i o n  e x p e r ie n c e d  in  th e  t e r r e s t r i a l  
h a b i t a t  a s  a r e  th e  low  Q^o v a lu e s  fo r  b e a c h f le a  and lan d h o p p e r oxygen 
co n su m p tio n  r a t e s .
The r e l a t i v e  a n t i q u i t y  o f  t e r r e s t r i a l  s p e c ie s  fro m  b o th  t a l i t r i d  
g ro u p s  may be shown in  t h e i r  re s p o n s e  to  im m ers io n . I n  th e  s e m i-  and  
a lm o s t  f u l l y  t e r r e s t r i a l  b e a c h f le a s ,  th e r e  a r e  e x a m p le s  o f  r e t e n t i o n  
o f  b im odal r e s p i r a t i o n ,  (a lth o u g h  a q u a t ic  r a t e s  o f  oxygen  c o n su m p tio n  
a r e  c o n s i d e r a b l y  r e d u c e d  w hen c o m p a re d  w i t h  e u l i t t o r a l  o r  s e m i ­
t e r r e s t r i a l  b e a c h f le a  s p e c ie s  eg . 0^ cavim ana) b u t  t h e r e  i s  a l s o  l o s s  
o f  b i m o d a l  r e s p i r a t i o n  i n  a m p h ip o d s  d e r i v e d  f r o m  b e a c h f l e a  
p r o g e n i t o r s ,  e g .  M akawe h u r l e y i  a n d  T a l o r c h e s t i a  p a t e r s o n i . I n  t h e  
b e a c h f l e a s ,  r e t e n t i o n  o f  b im o d a l  r e s p i r a t i o n ,  t h e  c o n s e r v a t i o n  o f  
p leo p o d s  and th e  rh y th m ic  re s p o n s e  o f  th e s e  s t r u c t u r e s  upon im m ers io n , 
may be i n d i c a t i v e  o f  an  in c o m p le te  a d a p ta t io n  o f  th e s e  a n im a ls  to  an  
a e r i a l  e x i s t e n c e  ( s e e  a l s o  W a ls h e -M a e tz ,  1 9 5 2 , 1956  on t h e  l a c k  o f  
r e s p i r a t o r y  r e g u l a t i o n  d u r in g  h y p o x ia ) . T h is  i s  i n  s h a rp  c o n t r a s t  t o  
th e  lan d h o p p er s p e c ie s  in  w h ich  t h e r e  i s  a  r e d u c t io n  o r  t o t a l  l o s s  o f  
p le o p o d s  and a n im a ls ,  w h i le  i n i t i a l l y  hav in g  a  h ig h  a e r i a l ;  a q u a t ic  O2 
co n sum ption  r a t e ,  a r e  u n a b le  t o  s u r v iv e  p ro lo n g e d  im m ers io n .
7 .5 .2  O xygen t r a n s p o r t
The o n ly  i n f o r m a t i o n  on  t h e  o x y g e n  t r a n s p o r t i n g  p r o p e r t i e s  o f  
t a l i t r i d  h a e m o ly m p h  i s  t h a t  p r e s e n t e d  h e r e i n .  T he s e m i - t e r r e s t r i a l  
b e a c h f l e a s  0 ^ g a m m a r e l lu s  a n d  0 ^ m e d i t e r r a n e a  b o th  h a v e  a  h i g h  
a f f i n i t y  p ig m e n t w i th  a  m o d era te  Bohr s h i f t .  As p r e v io u s ly  m en tio n ed  
(c h a p te r  5) ,  t h i s  d o e s  n o t  a p p e a r  t o  s u p p o r t  th e  h y p o th e s is  t h a t  a  low  
o x y g e n  a f f i n i t y  i s  a n  a d a p t a t i o n  t o  l i v i n g  on  l a n d  in  d e c a p o d  
c r u s t a c e a n s  (Y oung, 1 9 7 2 ) . H o w e v e r , t h e  p r o p e r t i e s  o f  Q r c h e s t i a  
haem o lym ph  may s t i l l  be  r e l a t e d  t o  t h e  a n i m a l s '  m ove o n to  l a n d .  As 
n o te d  above, one o f  th e  m ajo r p ro b le m s  fa c in g  a n im a ls  com ing o u t  o n to
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l a n d  v i a  t h e  l i t t o r a l  z o n e , m u s t  b e  d e s i c c a t i o n  o f  t h e  s u r f a c e s  o f  
r e s p i r a t o r y  g a s  exchange. In  a s s o c i a t i o n  w i th  t h i s  i t  i s  known t h a t  0 . 
g a m m a r e l lu s  a n d  0 . m e d i t e r r a n e a  (am ong o t h e r s )  show  a  r e d u c t i o n  i n  
t h e i r  t o t a l  g i l l  a r e a  w h ic h  may b e  r e l a t e d  t o  t h e  n e e d  t o  c o n s e r v e  
w a t e r .  W h a te v e r  t h e  r e a s o n s  f o r  t h e  r e d u c t i o n ,  i t  h a s  c e r t a i n  
c o n seq u e n c e s  f o r  oxygen t r a n s p o r t i o n ;  i t  w i l l  re d u c e  th e  o v e r a l l  r a t e  
o f  oxygen d i f f u s i o n  i n to  th e  b lo o d . T h is  p re su p p o se s  1) t h a t  th e  g i l l s  
a r e  ( th o u g h  n o t  n e c e s s a r i l y  t h e  o n l y ) ,  t h e  m ain  s i t e  o f  g a s  e x c h a n g e  
a n d  2) t h a t  w i t h  t h e  r e d u c t i o n  i n  g i l l  a r e a ,  t h e  g i l l  c u t i c l e  e i t h e r  
rem a in e d  th e  sam e th ic k n e s s  o r  becom e t h i c k e r ,  and 3) t h a t  th e r e  i s  no 
n e t  change in  b lo o d  f lo w . As th e  r a t e  o f  d i f f u s i o n  a c r o s s  th e  g i l l s  i s  
d i r e c t l y  p r o p o r t io n a l  to  th e  p a r t i a l  p r e s s u r e  g r a d i e n t ,  t h e  g r e a t e r  
t h e  oxygen a f f i n i t y  o f  th e  p ig m e n t, th e  f a s t e r  w i l l  oxygen be ta k e n  up 
i n t o  th e  b lo o d . I t  i s  o f te n  th e  c a s e  t h a t  th e  p o s t - b r a n c h ia l  b lood  P02 
i n  d ecap o d s  i s  low  (Redmond, 1968) w h ich  s u g g e s ts  t h a t  th e  r e s p i r a t o r y  
c o n s e q u e n c e s  o f  w a te r  c o n s e r v a t i o n  may o u tw e ig h  t h o s e  o f  e n h a n c e d  
oxygen a v a i l a b i l i t y  in  a i r .
A h ig h  a f f i n i t y  p ig m e n t  i s  o f t e n  r e g a r d e d  a s  an  a d a p t a t i o n  t o  
h y p o x ia  t o l e r a n c e  (lo w  e x t e r n a l  PO2 a s  o p p o s e d  t o  lo w  i n t e r n a l  P02  
c o n s id e re d  above) b u t  b ecau se  o f  th e  h ig h  d i f f u s io n  r a t e  o f  oxygen in  
a i r ,  t e r r e s t r i a l  m i c r o - h a b i t a t s  a r e  n o t  n o r m a l ly  l i a b l e  t o  o x y g e n  
d e p le t io n .  In  s o i l s ,  how ever, a l th o u g h  oxygen t e n s io n s  o f  around  150 
T o r r  a r e  fo u n d  e v e n  a t  d e p t h s  o f  30 cm , h e a v y  r a i n  may s e a l  
i n t e r s t i c e s  a t  th e  s u r f a c e  p r e v e n t in g  f r e e  d i f f u s i v e  exchange. In  su c h  
a  c a s e ,  th e  oxygen te n s io n  can  f a l l  r a p i d l y  to  v e ry  low  l e v e l s ,  due  t o  
t h e  a c t i v i t y  o f  s o i l  o rg a n is m s , and  be accom panied  by a  c o rre s p o n d in g  
in c r e a s e  in  th e  p a r t i a l  p r e s s u r e  o f  CO2. I n  th e s e  c ir c u m s ta n c e s  i t  may 
be  s e v e r a l  d a y s  b e fo re  o p t im a l  c o n d i t io n s  a r e  r e s t o r e d  (Jo n e s , 1972). 
T h e r e f o r e ,  t h e  p r e s e n c e  o f  s u c h  a  h ig h  a f f i n i t y  p ig m e n t  may a p p e a r  
a d v a n ta g e o u s  t o  a  c r y p t o z o i c  l e a f - l i t t e r  i n h a b i t a n t  s u c h  a s  ^
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d o r r i e n i . D un can  (1 9 6 9 ), h o w e v e r ,  h a s  n o te d  t h a t  M. h u r l e y i  w i l l  
c l im b  upw ards when th e  s o i l  i s  w a te r lo g g e d  w h e re as  p a te r s o n i  w h ich  
a r e  n o t  know n t o  c l im b  may f r e q u e n t l y  be fo u n d  d e a d  i n  s m a l l  p o o l s  
a f t e r  h e a v y  r a i n .  M o o re  a n d  S p i c e r  (1 9 8 6 )  a l s o  n o t i c e d  t h a t  
A r c i t a l i r u s  d o r r i e n i  a p p eared  to  sh u n  w a te r lo g g e d  s i t e s  to o .
From th e  w ork c a r r i e d  o u t  on 0 . g a m m a re llu s , i t  a p p e a r s  t h a t  when 
b e a c h f l e a  s p e c i e s  ' t h r o w s  o f f  a  t e r r e s t r i a l  s p e c i e s ,  t h e  
e u t e r r e s t r i a l  n o v e l ty  ( e q u iv a le n t  t o  AHW a n im a ls? )  may have d i f f e r e n t  
i n  v iv o  oxygen c a r r y in g  p r o p e r t i e s  o f  th e  b lood  from  i t s  s u p r a l i t t o r a l  
p r o g e n i to r  ( e q u iv a le n t  to  BHW a n im a ls ) .  U n t i l  th e  oxygen t r a n s p o r t i n g  
p r o p e r t i e s  o f  s u c h  s p e c i e s  a s  0 . c a v im a n a , P l a t o r c h e s t i a  p l a t e n s i s  
j a p o n i c u s  a n d  p l a t e n s i s  p l a t e n s i s  a r e  e x a m in e d  a n d  t h e  r e s u l t s  
com pared  w i th  th o s e  o f  th e  p r e s e n t  s tu d y , such  s u g g e s t io n s  m ust re m a in  
h ig h ly  s p e c u la t i v e .  N e v e r th e le s s  ev en  s p e c u la t io n s  may be h e lp f u l  i n  
m aking p r e d i c t i o n s  ab o u t e c o lo g i c a l ly  d i f f e r e n t  s p e c i e s  and may th ro w  
some l i g h t  upon th e  r e l a t i o n s h i p  o f  th e  g a s  exchange s t r u c t u r e s  t o  th e  
oxygen t r a n s p o r t a t i o n  sy stem .
I t  i s  s u g g e s t e d ,  t h e r e f o r e ,  t h a t  a s  t h e  o x y g e n  a f f i n i t y  o f  t h e  
r s p i r a t o r y  p ig m e n t o f  0^ g a m m a re llu s  (AHW) in c r e a s e s  r e l a t i v e  to  t h a t  
o f  0 ^  g a m m a re llu s  (BHW) due to  th e  r e d u c t io n  in  in f lu e n c e  o f  d i v a l e n t  
io n s  and  a  d e c re a s e  o f  v iv o  pH, so  a  s i m i l a r  s i t u a t i o n  may e x i s t  i n  
t h e  tw o  s u b p o p u l a t i o n s  o f  P. p l a t e n s i s  s t u d i e d  by T am u ra  and  K o s e k i  
(1 9 7 4 ). T hey  fo u n d  t h a t  i n  s p i t e  o f  m o r p h o lo g ic a l  u n i f o r m i t y ,  t h e  
s u p r a l i t t o r a l  a n d  f o r e s t  p o p u l a t i o n s  o f  ^  p l a t e n s i s  show ed  tw o  
d i s t i n c t  n o n -b re e d in g  p e r io d s  and o v e r - w in te r  in  d i s t i n c t l y  s e p a r a te d  
d e v e lo p m e n ta l  s ta g e s .  T h is  was u n d o u b te d ly  accom pan ied  by a  r e d u c t io n  
i n  t h e  t o t a l  h aem o ly m p h  i o n i c  c o m p o s i t i o n  o f  t h e  f o r e s t  d w e l l i n g  P . 
p l a t e n s i s  ja p o n ic u s  ( e q u iv a le n t  to  AHW a n im a ls  ?) com pared  w ith  th e  
s u p r a l i t t o r a l  P^ p l a t e n s i s  p l a t e n s i s  ( e q u iv a le n t  t o  BHW a n im a ls  ? ). We
145
c o u ld  a l s o  p o s t u l a t e  on th e  sam e g ro u n d s , th e  l i k e l y  p re s e n c e  o f  a  low  
o x y g e n  a f f i n i t y  p ig m e n t  i n  t h e  h aem o ly m p h  o f  0 . c a v im a n a  (a c l o s e  
r e l a t i v e  o f  0^  m e d i te r r a n e a ) .
I n d e e d  s u c h  a  f e a t u r e  m ay h e l p  e x p l a i n  t h e  lo w  a e r i a l ; a q u a t i c  
o x y g e n  c o n s u m p t io n  r a t i o  i n  0 .  c a v im a n a  ( c f .  0 .  g a m m a r e l lu s  a n d  Q. 
m e d i t e r r a n e a ) .  I t  i s  s u g g e s t e d  t h a t  t h e  h ig h  a f f i n i t y  p ig m e n t  o f  Q. 
g a m m a r e l lu s  an d  0^  m e d i t e r r a n e a  i s  a  r e l i c  o f  t h e i r  i n t e r t i d a l  
h i s t o r y .  F o r t h e i r  l i t t o r a l  p r o g e n i t o r s ,  b o th  h y p o x ia  s t r e s s  a n d  
r e d u c t i o n  o f  g i l l  a r e a  in  r e s p o n s e  t o  d e s i c c a t i o n  s t r e s s  w o u ld  m ake 
t h e  p o s s e s s i o n  o f  a  h ig h  a f f i n i t y  p ig m e n t  d e s i r a b l e .  W ith  t h e  
em ergence  o n to  la n d , a  h ig h  a f f i n i t y  p ig m e n t w ould be re d u n d a n t e x c e p t  
p e rh a p s  f o r  th e  s h o r t  p e r io d s  o f  a c c id e n ta l  in u n d a t io n  o c c a s s io n a l ly  
e x p e r i e n c e d  by t h e s e  a n i m a l s .  I t  i s  know n t h a t  t h e  e u l i t t o r a l  Q. 
m e d i t e r r a n e a  l a c k s  a n y  g r e a t  m e a s u r e  o f  r e s p i r a t o r y  in d e p e n d e n c e  
d u r in g  h y p o x ia ;  t h e  p le o p o d  b e a t  i s  q u i t e  i n s e n s i t i v e  t o  c h a n g e s  i n  
a m b ie n t  P02 ( W a ls h e -M a e tz ,  1 9 5 2 , 1 9 5 6 ) . T h i s ,  t o g e t h e r  w i th  t h e  
r e t e n t i o n  o f  b im o d a l  r e s p i r a t i o n  ( s e e  a b o v e ) ,  c o u ld  b e  r e g a r d e d  a s  
e v id e n c e  o f  i t s  i n c o m p le t e  a d a p t a t i o n  t o  an  a e r i a l  e n v i r o n m e n t .  
C e r ta in ly  th e  h ig h  P^ v a lu e  fo und  f o r  0^  m e d i te r ra n e a  w ould  a p p e a r  to  
be  i n c o n s i s t e n t  w i th  th e  p re s e n c e  o f  a  h ig h  a f f i n i t y  p ig m e n t (H e rre id , 
1980). S in c e  t h e r e  i s  a p p a r e n t ly  no s e l e c t i o n  p r e s s u r e  f o r  r e t e n t i o n  
o f  a  h ig h  a f f i n i t y  p ig m e n t ,  w i t h  l a n d w a r d s  p r o g r e s s i o n  (due t o  t h e  
c o r r e s p o n d in g  d e c r e a s e  i n  t h e  i o n i c  c o m p o s i t i o n  a n d  t h e  o s m o t i c  
p r e s s u r e  o f  th e  haem olym ph), p ig m e n t a f f i n i t y  d e c re a s e s .  Such a  th e o r y  
w ould  p r e d i c t  a  low  oxygen a f f i n i t y  f o r  e u t e r r e s t r i a l  b e a c h f le a  and  
la n d h o p p e r  s p e c ie s .
The te m p e ra tu re  i n s e n s i t i v i t y  o f  th e  r e s p i r a t o r y  p ig m e n t may be  
t a k e n ,  l i k e  t h e  lo w  v a l u e s ,  a s  an  a d a p t a t i o n  t o  t h e  i n c r e a s e d  
th e r m a l  i n s t a b i l i t y  o f  th e  l i t t o r a l  zone (see  c h a p te r  5 f o r  d e t a i l s ) ,  
and w ould  be p r e - a d a p t iv e  f o r  t e r r e s t r i a l  l i f e .
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7.6 SENSORY APPARATUS
A s s o c i a t e d  w i t h  t h e  c o l o n i s a t i o n  o f  l a n d ,  t h e r e  h a s  b e e n  a  
m arked r e d u c t io n  in  th e  f i r s t  a n te n n a e  in  T a l i t r u s , and  a s  f i r s t  n o te d  
by  B a te  (1 8 6 2 ) , t h e  o l f a c t o r y  l o b e s  o f  t h e  b r a i n  beco m e r e d u c e d .  
T h e re fo re  any  in c r e a s e  in  th e  s e n s o r y  fu n c t io n  o f  th e  seco n d  a n te n n a e  
m ay b e  a s s o c i a t e d  w i th  g r e a t e r  d e v e lo p m e n t  o f  t h e  t r i t o c e r e b r u m .  
M adsen (1960) found  t h a t  th e  d e v e lo p m e n t o f  g lo m e r u l i  c e l l s  to g e th e r  
w i th  n e u r o p i le s  in  th e  t r i to c e r e b r u m  o f  Q rc h e s t ia  g r e a t l y  ex ceed  t h a t  
o f  G am m arus. T he s e c o n d  a n t e n n a e  a r e  a l s o  u s e d  a s  p r e h e n s i l e  
s t r u c t u r e s  d u r in g  c o p u l a t i o n  ( i n  t h e  a b s e n c e  o f  p r e h e n s i l e  f i r s t  
g n a th o p o d s ) ,  s o  t h e y  h a v e  a n  i m p o r t a n t  t a c t i l e  r o l e  i n  a d d i t i o n  t o  
o l f a c t i o n  (D r. P.G. M oore , p e r s .  com m .).
An e x a m i n a t i o n  o f  t h e  f i n e  s t r u c t u r e  o f  t h e  t e r m i n a l  a n d  
s u b t e r m i n a l  s e n s o r y  s e t a e  g r o u p s  on  th e  f i r s t  a n te n n a e  o f  b o th  
P l a t o r c h e s t i a  p l a t e n s i s  and T a l o r c h e s t i a  d e s h a y e s i i  s u g g e s te d  t h a t  th e  
f i r s t  a n te n n a e  may s t i l l  h a v e  a n  i m p o r t a n t  r o l e  i n  o r i e n t a t i o n  
b e h a v io u r  a n d  c h e m o r e c e p t io n  (D a h l, 1 9 7 3 ). I n d e e d  t h e  f u n c t i o n  a n d  
d i s t r i b u t i o n  o f  s e n so ry  s e ta e  i s  l i t t l e  d i f f e r e n t  from  t h a t  in  f u l l y  
a q u a t i c  G am m arus s p p . The t o t a l  n u m b er o f  s e n s o r y  s e t a e  o n  v a r i o u s  
p a r t s  o f  th e  body i s  c o n s id e r a b le  and  p resu m a b ly  w ould  s u b s t a n t i a l l y  
in c r e a s e  th e  d an g e r o f  d e s i c c a t i o n ,  b o th  o f  th e  g e n e r a l  body s u r f a c e  
and  th e  s e n s o ry  m ic ro  s t r u c t u r e s  th e m s e lv e s , th u s  f u r t h e r  r e s t r i c t i n g  
t a l i t r i d s  t o  m o is t  t e r r e s t r i a l  e n v iro n m e n ts .
7 .7  FEEDING
T h ere  i s  v e ry  l i t t l e  change  i n  fe e d in g  m ethod a s s o c i a te d  w i th  th e  
c o l o n i s a t i o n  o f  l a n d .  T h e re  i s  a  t e n d e n c y  to w a r d s  s t r e n g t h e n i n g  a n d
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s i m p l i f i c a t i o n  o f  th e  m o u th p a r ts  (H urley , 1968; F r ie n d  and  R ic h a rd so n , 
1 9 8 6 ) , p e r h a p s  a s  a n  a d a p t a t i o n  t o  c h e w in g  d r i e r  f o o d  p a r t i c l e s .  
B o u s f ie ld  ( in  K a e s tn e r , 1970) n o te d  t h a t  th e  p a lp i  and  m o s t f i n e  s e ta e  
on  t h e  m o u th p a r t s  a r e  l o s t  i n  t a l i t r i d s ,  a n a la g o u s  t o  t h e  t r e n d  i n  
i n s e c t s .  As r e g a r d s  th e  p h y s io lo g y  o f  d ig e s t io n ,  t h e r e  a r e  few  changes 
r e q u i r e d  t o  c o p e  w i t h  l a n d  l i f e  ( s e e  c h a p te r  2 f o r  d e t a i l s ) .  L e a f  
l i t t e r ,  w h ich  fo rm s  a  l a r g e  p a r t  o f  th e  d i e t  o f  la n d h o p p e rs  (A shton, 
1 9 7 5 ; F r ie n d  a n d  R ic h a r d s o n ,  1 9 7 7 ; R ic h a r d s o n  a n d  M o r to n , 1986) c a n  
a l s o  be in g e s te d  by 0^  g a m m a re llu s  (P e rk in s , 1974; s e e  a l s o  Moore and 
F r a n c i s ,  1985b) an d  0 ^  c a v im a n a  ( J . I .S .  u n p u b l . o b s .)  a s  w e l l  a s  by  
a q u a t i c  a m p h ip o d s  s u c h  a s  G am m arus p u le x  (W il lo u g h b y  an d  E a rn s h a w , 
1 9 8 2 ).
7.8 LOCOMOTION
B oth b e a c h f le a s  and sa n d h o p p e rs  have h ig h ly  d e v e lo p e d  w a lk in g  and 
jum p ing  b e h a v io u r  and d i s p l a y  c o n c o m ita n t  m o p h o lo g ic a l s p e c i a l i s a t i o n  
(see  c h a p te r  2 fo r  d e t a i l s ) .  I t  h a s  been  s u g g e s te d  in  t h i s  c o n n e c t io n , 
t h a t  e a r l y  fo rm a tio n  and s t r e n g th e n in g  o f  p e r ^ p o d  s u r f a c e s  a s  found 
i n  0 . g a m m a r e l lu s  may be  o n e  o f  t h e  f e a t u r e s  t h a t  h a v e  a l l o w e d  t h e  
d e v e lo p m en t o f  a  la n d  b a sed  l i f e  (C h arn iau x -L eg ran d , 1952). C e r ta in ly  
n e w ly  m o u l te d  0 . g a m m a r e l lu s  show  g r e a t  d i f f i c u l t y  i n  s u s t a i n i n g  
lo c o m o to r y  a c t i v i t y  ( J . I .S .  p e r s .  o b s . ) .
7.9 CÜTICÜLAR MICROSTRUCTÜRES
The e x is t e n c e  o f  c u t i c u l a r  m ic r o s t r u c tu r e s  on th e  o u te r  s u r f a c e  
o f  t e r r e s t r i a l  c r u s t a c e a n s  h a s  b e e n  r e c o g n i s e d  f o r  a  lo n g  t i m e ,  b u t  
u n t i l  r e c e n t l y  t h e y  w e re  t h o u g h t  t o  be a b s e n t  f ro m  t h e  s u r f a c e  o f  
se m i-  an d  f u l l y  t e r r e s t r i a l  a m p h ip o d s  (M ey er-R o ch o w , 1 9 8 1 ). I f  
S c h m a l f u s s  (1978) i s  c o r r e c t  a n d  s u c h  m i c r o s t r u c t u r e s  do  f u n c t i o n  
s o l e l y  a s  a n t i - a d h e s iv e  o rg a n s  in  t e r r e s t r i a l  c r u s t a c e a n s ,  th e  la c k  o f
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s u c h  s t r u c t u r e s  i n  t h e  a m p h ip o d s  a s  w e l l  a s  t h e  o c c u r r e n c e  o f  a  
ro u g h e r c u t i c l e ,  ta k e n  to g e th e r  c o u ld  have been  ta k e n  t o  i n d i c a t e  t h a t  
t e r r e s t r i a l  a m p h ip o d s  (G roup  IV) h a d  c o l o n i s e d  l a n d  i n  r e l a t i v e l y  
r e c e n t  g e o l o g i c a l  t i m e .  A r e - a n a l y s i s  o f  M e y e r-R o c h o w 's  m a t e r i a l ,  
h o w e v e r ,  t o g e t h e r  w i t h  new  o b s e r v a t i o n s  on  som e o t h e r  f u l l y  
t e r r e s t r i a l  l e a f h o p p e r  s p e c i e s  h a s  r e v e a l e d  t h e  p r e s e n c e  o f  
c o m p lic a te d  and h ig h ly  s p e c i f i c  p a t t e r n s  o f  c u t i c u l a r  m ic r o s t r u c t u r e s  
(Duncan, 1985a). The p re s e n c e  o f  th e s e  m ic r o s t r u c tu r e s  i s  in  k e e p in g  
w i t h  a  m ore  a n c i e n t  o r i g i n  f o r  t h i s  g ro u p  ( B o u s f i e l d ,  1 9 8 4 ) . T he 
e v o l u t i o n  o f  s u c h  s t r u c t u r e s  ( p o s s i b l y  u s e f u l  f o r  e x i s t e n c e  i n  a n  
e n v iro n m e n t c h a r a c te r i s e d  by s t i c k y  s o i l  and humus p a r t i c l e s )  h a s  n o t  
been  c o n firm e d  in  any b each  o r  s a n d f l e a  genus. T h is  may be im p o r ta n t ,  
p a r t i c u l a r l y  f o r  th e  b e a c h f le a  s p e c ie s  w here p h y s io lo g ic a l  a d a p ta t io n  
to  a  e u te r  r e s  t r i a l  l i f e  may s t i l l  be in  f u l l  f lu x ,  a l th o u g h  i t  sh o u ld  
b e  rem em bered t h a t  many m a rin e  am phipods have c o m p lic a te d  c u t i c u l a r  
d e s ig n s  and s t r u c t u r e s  (C u ad ras , 1982).
7.10 THE PHYSI0D3GICAL ECOLOGY OF LAND INVASION BY TALITRID AMPHIPODS 
-  AN EVOLUTIONARY SYNTHESIS
A summ ary o f  th e  p h y s io lo g ic a l  c h a r a c t e r i s t i c s  d i s c u s s e d  e a r l i e r  
i n  t h i s  c h a p te r  to g e th e r  w i th  a  l i s t  o f  a d a p ta t io n s  d raw n  fro m  o th e r  
r e l e v a n t  l i t e r a t u r e ,  i s  p r e s e n t e d  i n  F ig u r e  7 .1 . T h ey  h a v e  b e e n  
c l a s s i f i e d  u n d e r  t h r e e  o f  t h e  f o u r  e c o - m o r p h o l o g ic a l  h e a d in g s  
s u g g e s te d  by B o u s f ie ld  (1984).
T he sc h em e  i s  b a s e d  upon  t h e  s c e n a r i o  e n v i s a g e d  b y  B o u s f i e l d  
(1984) w i t h  tw o  m a in  r o u t e s  o n t o  l a n d ;  ( i)  d i r e c t ,  ( i i )  v i a  t h e  
s u p r a l i t t o r a l  z o n e . A r e c e n t  r e v i e w  h a s  c o n fu s e d  t h e s e  tw o  o p t i o n s  
(M a ts u d a , 1982) b u t  a  r e p l y  by  D r. K.W. D uncan (D u n can , 1985b) h a s  
b o th  c r i t i c i s e d  th e  m echanism  o f  th e  e v o lu t io n a r y  p r o c e s s  p u t  fo rw a rd
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FIG . 7 .1  P h y s io lo g ic a l  e c o lo g y  o f  la n d  in v a s io n  by t a l i t r i d  am phipods 
T h is  f i g u r e  o p p o s i te  i s  a  g r a p h ic  d e p ic t io n  o f  s u g g e s te d  r o u te s  
o n t o  l a n d  t a k e n  by t a l i  t r i o  a m p h ip o d s  w i t h  i n d i c a t i o n s  o f  t h e  
p h y s io l o g i c a l  changes t h a t  have  a c c o m p a n ie d  t h i s  t r a n s i t i o n .  M o d ern  
d a y  s p e c i e s  a r e  m e n t io n e d  a s  g r o u p  r e p r e s e n t a t i v e s ,  b u t  i t  i s  n o t  
s u g g e s te d  o r  assum ed t h a t  m echan ism s p r e s e n t  in  e x ta n t  s p e c ie s  e v o lv e d  
d i r e c t l y  f ro m  t h o s e  o f  o t h e r  e x t a n t  s p e c i e s .  N e i t h e r  i s  t h e  sc h e m e  
p r e s e n te d  n e c e s s a r i ly  a s  a  c l a d i s t i c  m odel o f  t a l i t r i d  e v o lu t io n .  I t  
i s  s im p ly  a  u s e f u l  fram ew o rk  f o r  f o l lo w in g  and p r e d i c t i n g  c h a n g es  in  
t h e  p h y s io l o g y  o f  t h e s e  a n i m a l s  n e c e s s i t a t e d  by t h e  m ove o n to  l a n d .  
T o g e th e r  w i th  th e  m a t e r i a l  p r e s e n te d  in  t h i s  c h a p te r ,  th e  t e r r e s t r i a l  
a d a p ta t i o n s  a s  l i s t e d  by W ild is h ,  1982a (*) a r e  l i s t e d .
GRASSLAND (More xeric habitats)
t Landhopper





1. Development of greater desiccation
resistance.





1 . L oss o f  o im odal r e s p i r a t i o n .
2 . U nable to  s u rv iv e  p ro lo n g ed  im m ersion
3 . Low r e s p i r a o r y  v a lu e .
4. Low a f f i n i t y ,  te m p e ra tu re  i n s e n s i t i v e  
p igm en t?
5 . M o d if ie d  g i l l s  b u t  r e t e n t i o n  o f  an 
'a q u a t i c '  g i l l  a r e a .
6 . P le o p o d s  red u ced  o r  a b s e n t .
7 . Low r e s i s t a n c e  to  d e s ic c a t io n .
8 . A m m oniotelic  e x c r e t io n .
9 . E x o sk e le to n  h ig h ly  c a l c i f i e d .
10 . W e l ld e v e lo p e d  i o n i c / o s m o t i c  
r e g u la t i o n
11 . S h o r t  am plexus t im e .*
12. Slew m oving.*
13 . C ry p to z o ic ,*
14 . Slow m e ta b o lism , n eo ten o u s  g row th .*
15 . Distribution: Endem ic.*
e g . A r c i t a l i t r u s  d o r r i e n i
INTERTIDAL ZONE
1. Tendancy toward loss of bimodal 
breathing.
2. Unable to survive prolonged 
himersion.
3. Low affinity, temperature 
insensitive pigment?
4. Further reduction of the pleopods,
5. Better developed ionic/osmotic 
regulation. ^
6. Short amplexus time,
7. Slow moving.*







1. R e te n tio n  o f  b im odal r e s p i r a t i o n .
2 . A ble to  s u rv iv e  p ro lo n g e d  im m ersion
3. Low r e s p i r a t o r y  v a lu e .
4 .H igh  a f f i n i t y ,  t e m p e r a t u r e  
i n s e n s i t i v e  p ig m e n t. y
5 . Reduced g i l l  a r e a  <
6 . P le o p o d s  n o r m a l  o r  r e d u c e d ,  n e v e r  
a b s e n t .
7 .Low r e s i s t a n c e  t o  d e s i c c a t i o n  ( b u t  
g r e a t e r  th a n  L andhoppers IV ,1 ) .
8 . A m m oniotelic e x c r e t i o n .
9. Good i o n i c /  o s m o tic  r e g u la t i o n  (b u t 
l e s s  so  th a n  L andhoppers IV ,1 ) .  
E x o sk e le to n  s o f t .
Long am p lex u s.*
F a s t  m oving .*
F a s t  m e ta b o lism .*
14. N o c tu rn a l ly  a c t i v e .*
15. D i s t r i b u t io n :  co sm o p o lita n *
eg . Q r c h e s t i a g a m m a r e l l u s  
and
T a l i t ru s  s a l t a t o r
Beachflea 
(Gp II.)
b y  M a ts u d a  (1982) a n d  r e a d v o c a t e d  a n  e v o l u t i o n a r y  h i s t o r y  f o r  t h e  
g r o u p  s i m i l a r  t o  t h a t  p r o p o s e d  by  B o u s f i e l d  (1 9 8 4 ) . W h ile  D uncan  
(1985b) i s  c o r r e c t  in  e x e r c i s in g  c a u t io n  when r e l a t i n g  p h y s io lo g ic a l  
(or o th e r )  a d a p ta t io n s  to  e v o l u t i o n a r y  t r e n d s  w i t h i n  t h e  la n d h o p p e r  
g ro u p s , t h i s  sh o u ld  n o t  p r e c lu d e  p e r i o d i c  a t t e m p ts  to  d raw  to g e th e r  
th e  d i s p a r a t e  th r e a d s  o f  o u r u n d e rs ta n d in g  o f  t a l i t r i d  b io lo g y . I t  i s  
c l e a r  from  th e  p r e s e n t  a s s e s s m e n t  t h a t ,  in  e x p e r im e n ta l  t e r m s , v e ry  
l i t t l e  c o n s id e r a t io n  h a s  been  g iv e n  to  th e  m echanism s in v o lv e d  in  th e  
c o lo n i s a t i o n  o f  la n d  by t h i s  g ro u p . T h is  may r e f l e c t ,  up u n t i l  f a i r l y  
r e c e n t  t i m e s ,  a d h e r e n c e  t o  a n  o v e r s i m p l i f i e d  v ie w  o f  t a l i t r i d  
p h y lo g en y .
D e s p i t e  a  g r e a t  d e a l  o f  c o n v e r g e n t  e v o l u t i o n ,  b o th  g r o u p s  o f  
l a n d h o p p e r s  (IV ,1  an d  I V ,2) r e t a i n  m any c h a r a c t e r i s t i c s  w h ic h  a r e  
h i g h l y  s p e c i f i c  a n d , w h ic h  i t  i s  s u g g e s t e d ,  a r e  i n d i c a t i v e  o f  t h e  
r o u t e  t h e y  h a v e  t a k e n  o n to  l a n d  ( F ig .  7 . ) ) .  I t  i s  c l e a r  t h a t  t h e  
b e a c h f l e a  ( e g .  Q r c h e s t i a , C h r o e s t i a , T r a n s o r c h e s t i a  e t c . )  a n d  
s a n d h o p p e r  g e n e r a  (e g . O r c h e s t o i d e a , T a l o r c h e s t i a  e t c . )  a r e  h i g h l y  
m o d if ie d  f o r  l i f e  in  th e  s u p r a l i t t o r a l  zone. Many o f  th e  f e a t u r e s  t h a t  
d e v e lo p e d  i n  p a s s a g e  t h r o u g h  t h e  l i t t o r a l  z o n e  i n  r e s p o n s e  t o  
im m e d ia te  h a b i t a t  r e q u i r e m e n t s ,  e g .  g i l l  r e d u c t i o n ,  i n c r e a s e d  
d e s ic c a t i o n  r e s i s t a n c e ,  in c r e a s e d  s u p p le n e s s  o f  th e  in te g u e m e n t (F ig .
7. I w ould  n o t  a ^ ^ a r  to  be e s s e n t i a l  p r e r e q u i s i t e s  f o r  l i f e  on la n d . 
T h is  i s  shown m o st c l e a r l y  by th e  a b se n c e  o f  many o f  th e s e  f e a t u r e s  in  
t h e  G ro u p  IV : 1 l a n d h o p p e r s  e v e n  th o u g h  t h e y  may b e  p r e s e n t  i n  t h e  
G ro u p  IV :2 s p e c i e s  w h ic h  w e re  d e r i v e d  f ro m  b e a c h f l e a  p r o g e n i t o r s .  
F u r th e rm o re , t h i s  le n d s  q u a l i f i e d  s u p p o r t  to  th e  c o n te n t io n  t h a t ,  a t  
l e a s t  i n i t i a l l y ,  am phipods have  a d a p te d  t o  la n d  by b e h a v io u ra l  r a t h e r  
t h a n  p h y s i o l o g i c a l  m e a n s  ( s e e  c h a p t e r  1 . I n t r o d u c t i o n ) .  T he 
l a n d h o p p e r s  w h ic h  h a v e  e m e rg e d  v i a  t h e  s u p r a l i t t o r a l  z o n e , e g .
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T a lo r c h e s t i a  p a t e r s o n i ,  a r e  to  a  c e r t a i n  e x t e n t ,  j ^ iy s io lo g ic a l ly  p re ­
a d a p te d  f o r  m ore r ig o r o u s  t e r r e s t r i a l  e n v iro n m e n ts  ( i .e .  t h e i r  s u c c e s s  
i s  due  t o  p r e - a d a p ta t i o n s  o f  l i t t o r a l  and s u p r a l i t t o r a l  p r o g e n i to r s )  
t h a n  a r e  t h e  m o re  a n c i e n t  s i m p l i d a c t y l a t e  g r o u p ,  b u t  c o n t i n e n t a l  
p e n e t r a t i o n  may be l i m i t e d  in  th e  fo rm e r n o t  by d e s i c c a t i o n  s t r e s s  b u t  
by  o s m o - / i o n o - r e g u l a t o r y  c o n s t r a i n t s .  I t  i s  s u g g e s t e d  g iv e n  t h e  
p r e s e n t  s t a t e  o f  o u r  k n o w le d g e , t h a t  b e a c h f l e a  (G roup I I )  a n d  
lan d h o p p e r (Group IV :2) g e n e ra  a r e  p h y s io lo g ic a l ly  h a rd y  a n im a ls ,  b u t ,  
t h a t  t h e i r  c a p a c i t y  f o r  i o n i c  an d  o s m o t i c  r e g u l a t i o n  i s  n o t  s o  w e l l  
d e v e lo p e d  a s  i s  p o s tu l a t e d  f o r  th e  more a n c ie n t  la n d h o p p e r g roup . I t  
i s  f u r t h e r  s u g g e s t e d  t h a t  t h e  d e g r e e  o f  i o n i c /  o s m o t i c  r e g u l a t i o n  
show n  i n  b o th  l a n d h o p p e r  g r o u p s ,  i s  t h e  key  f a c t o r  e n a b l i n g  t h e  
em ergence  o n to  la n d  in  t h i s  am phipod f a m ily .
The e a r l i e s t  e u t e r r e s t r i a l  l a n d h o p p e r s  (G roup  IV :1 ) ,  h a v in g  
e v o lv e d  f ro m  s i m p l i d a c t y l a t e  p a l u s t r a l  a n c e s t o r s  i n  h i g h - r a i n f a l l  
c o a s t a l  r e g i o n s  o f  G o n d w a n a la n d  i n  t h e  m id - C r e ta c e o u s  ( B o u s f i e ld ,  
1 9 8 4 ) , in v a d e d  l a n d  d i r e c t l y  v i a  t h e  l e a f  l i t t e r  o f  t h e  n e w ly  
e s t a b l i s h e d  a n g io s p e r m  r a i n f o r e s t s .  T h u s  t h e s e  a m p h ip o d s  a r e  
c h a r a c te r i s e d  by th e  r e t e n t i o n  o f  an  a q u a t i c  g i l l  a r e a  in  th e  ab sen c e  
o f  t r a n s i t i o n a l  d e s i c c a t i o n  s t r e s s  (F ig .  7 .1 ) .  Some o f  t h e  m ore  
a n c i e n t  l a n d h o p p e r s  (G roup  IV :1 ) (and  G roup  IV :2 , a s  h i n t e d  a t  by  
W ild is h ,  1979) have  a l s o ,  i t  i s  s u g g e s te d , d e v e lo p e d  g r e a t e r  pow ers o f  
d e s ic c a t i o n  r e s i s t a n c e  su b se q u e n t to  th e  in v a s io n  o f  la n d  (see  F r ie n d , 
1982  on  A u s t r o t r o i d e s  p e c t i n a l i s ) .  The move f ro m  s a t u r a t e d  t o  m ore  
x e r i c  c o n d i t io n s  by la n d h o p p e rs  (Group IV: 1) may be fo u n d , in  te rm s  o f  
p h y s i o l o g i c a l  a d a p t a t i o n ,  t o  . p a r a l l e l  t h e  m ove f ro m  t h e  
l i t t o r a l  t o  t h e  s u p r a l i t t o r a l  z o n e  by b o th  t h e  b e a c h f l e a  a n d  
s a n d h o p p e r  g e n e r a .  T h i s  h y p o t h e s i s ,  h o w e v e r , r e q u i r e s  a  g r e a t  d e a l  
m ore work in v o lv in g  co n tem p o ran eo u s  i n t e r s p e c i f i c  c o m p a riso n s  o f  th e  




A gnew , D .J . (1985) The c o m p a r a t i v e  e c o p h y s i o l o g y  o f  tw o  s p e c i e s  o f  
i n t e r t i d a l  g a m m a rid e a n  a m p h ip o d s . Ph.D . t h e s i s ,  U n i v e r s i t y  o f  
G lasgow . 160pp
Agnew, D.J. and  A.C. T a y lo r  (1985) The e f f e c t  o f  oxygen t e n s io n  on th e  
p h y s io lo g y  and d i s t r i b u t i o n  o f  E chinogam m arus p i r l o t i  (Sex ton  and  
S p o o n e r)  an d  E. o b t u s a t a  (D ahl) ( C r u s t a c e a :  A m p h ip o d a ). J .  E xp. 
M ar. B i o l .  E c o l . ,  V o l .8 7 , p p .1 6 9 -1 9 0 .
A gnew , D .J . a n d  A.C. T a y lo r  (1986) S e a s o n a l  a n d  d i e l  v a r i a t i o n s  o f  
som e p h y s i c o - c h e m i c a l  p a r a m e t e r s  o f  b o u l d e r  s h o r e  h a b i t a t s .  
O p h e l i a , V o l .2 5 , p p .83 -95 .
A g r a w a l ,  V .P. (1961a) A b s o r p t i o n  o f  fo o d  i n  t h e  a l i m e n t a r y  c a n a l  o f  
Q r c h e s t ia  g a m m a re lla . S c i .  ^  C u l t . ,  V o l.27 , p .305.
A g ra w a l, V.P. (1961b) E s t im a t io n  o f  c e l l u l a s e  in  th e  v e n t r a l  c a e c a  o f  
Q r c h e s t ia  g a m m a re lla  P a l l a s .  C u rr . S c i . ,  V o l.30 , p .392.
A g r a w a l ,  V.P. (1962a) A s t u d y  o f  t h e  i n f l u e n c e  o f  s u b s t r a t e  a n d  
en zy m e c o n c e n t r a t i o n  on  t h e  a c t i v i t y  o f  c a e c a l  a m y la s e  o f  
Q r c h e s t ia  g a m m a re lla  ( P a l la s ) .  E n zym olog ia , V ol.25 , pp .173-177 .
A g raw a l, V.P. (1962b) The d i g e s t i v e  s y s te m  o f  some B r i t i s h  am phipods 
P t  1. D e s c r i p t i o n  o f  m o u th  p a r t s .  P r o c .  N a t .  A cad . S c i .  I n d i a ,  
V01.32B, p p .2 4 5 -2 6 4 .
A g ra w a l, VJ>. (1962c) C y to c h e m ic a l i n v e s t i g a t i o n s  and th e  f u n c t io n s  o f  
t h e  h e p a t o p a n c r e a t i c  c e l l s  i n  Q r c h e s t i a  g a m m a r e l la  P a l l a s .  J .  
Z o o l. I n d i a , V o l .1 4 , p p .2 0 7 -2 1 0 .
A g raw a l, VJ>. (1964a) E f f e c t  o f  te m p e ra tu re  on th e  a c t i v i t y  o f  c a e c a l  
a m y la se  o f  Q r c h e s t ia  g a m m a re lla . E n zy m o lo g ia , V o l.25 , pp .178-181 .
A g r a w a l ,  V.P. (1964b) S t u d i e s  on t h e  p h y s io l o g y  o f  d i g e s t i o n  i n  
Q r c h e s t i a  g a m m a r e l la .  P r o c .  Z o o l .  S o c . L o n d ., V o l .1 4 3 , p p . l 3 3 -  
141 .
A g raw a l, VJ*. (1964c) D e te rm in a t io n  o f  optim um  pH f o r  th e  a c t i v i t y  o f  
c a e c a l  c a rb o h y d ra te s  o f  th e  am phipod Q r c h e s t ia  g a m m a re lla . P ro c . 
Z o o l .  S o c . L ond . , V o l .1 4 3 , p p .5 4 5 -5 5 1 .
A g raw a l, V.P. (1964d) F eed ing  appendages and th e  a l im e n ta r y  c a n a l  o f  
T a l i t r u s  s a l t a t o r  (M o n ta g u ). A g ra . U n iv . J ,  R e s . ,  V o l .1 3 , p p . l 4 7 -  
160.
A l f o n s o ,  Q. (1977) C o n t r i b u t i o n  a  1 'e tu d e  d e s  A m p h ip o d es  d e s  A q o re s  
d e s c r i p t i o n  d 'u n e  n o u v e l l e  e s p è c e  (Q r c h e s t i a  m a t e u s i ) .  P u b l .  
I n s t .  Z o o l. "Dr A u g u s to  N o b re " . F a c . C ie n c .  P o r t o . ,  V o l .1 3 5 , 
p p .1 -3 2 .
A l i c a t a ,  J .E . (1936) The am phipod Q r c h e s t ia  p l a t e n s  i s , an  i n te r m e d ia te  
h o s t  f o r  H ym enolep is e x ig u a , a  tapew orm  o f  c h ic k e n s  in  H aw aii. J .  
P a r a s i t . ,  v o l . 2 2 , p p .5 1 5 -1 6 .
A lik h a n , MJL (1971) B lood p r o t e i n s  in  th e  w oodlouse  P o r c e l l i o  l a e v i s  
L a t r e i l l e  w i th  s p e c i a l  r e f e r e n c e  t o  haem ocyan in . Comp. B iochem . 
P h y s i o l . , V o l.3 9 A , p p .735 - 7 4 1 .
153
A l i k h a n ,  M .A ., K. J a z d z e w s k i  a n d  R, G o n d k o  (1 9 7 4 )  E c o l o g i c a l  
im p l ic a t io n s  o f  haem olym ph p r o t e i n  p a t t e r n s  in  some am phipod and  
iso p o d  s p e c ie s .  C u r r e n t  S c i . , V o l.3 , ^ .1 3 6 - 1 3 9 .
A m a n ie u , M. (1967a) C y c le  r e p r o d u c t e u r  a n n u e l  a  A rc a c h o n  d 'u n e  
p o p u l a t i o n  d 'O r c h e s t i a  g a m m a r e l l a  ( P a l l a s ) ,  A m p h ip o d e :  
T a l i t r i d a e .  C .r .  h e b d . S c i .  P a r i s . , V o l.2 6 4 (D ) , p p .1 1 9 3 -1 1 9 6 .
A m a n ie u , M. (1967b) V a r i a t i o n s  a u  c o u r s  d e  d e u x  c y c l e s  a n n u e l s  du  
n o m b re  d ' a r t i c l e s  d u  f l a g e l l u m  a n t e n n a i r e  d e s  f e m e l l e s  
r e p r o d u c t r i c e s  d 'u n e  p o p u l a t i o n  A r c a c h o n a i r e  d 'O r c h e s t i a  
g a m m a re lla  ( P a l la s ) .  (Amphipode ; T a l i t r i d a e )  R approchem ent a v e c  
l e  c y c l e  r e p r o d u c t e u s .  C^ iCj_ h e b d . S c i .  P a r i s , V o l .264 (D ), 
p p .1510-1513.
A m anieu , M. and B. S a lv a t  (1963a) Q r c h e s t ia  m ic ro p h tM lm a . (Amanieu 
a n d  S a l v a t ,  1 9 6 3 ) ,  d e s c r i p t i o n  e t  a f f i n i t é s  ( C r u s t a c e a ,  
A m p h ip o d a , T a l i t r i d a e ) .  B u l l .  M us. N a t l .  H i s t .  N a t .  P a r i s ,  
V o l .3 5 , p p .3 0 2 -3 1 0 .
A m a n ie u , M. an d  B. S a l v a t  (1963b ) N o te  s u r  l a  p r é s e n c e  à  A rc a c h o n  de  
d e u x  T a l i t r i d a e :  T a l o r c h e s t i a  s p i n i f e r a  (E. M a te u s , 1962) e t
Q r c h e s t i a  m i c r o p h t h a l m a  S p .n .  ^  Vjl s é a n c e s .  S o c .  L i n n .  
B ordeaux , 4p.
A m anieu , M. and B. S a lv a t  (1965) S ur Q rc h e s to id e a  f i s c h e r  i  (H.M ilne -  
Edward 1830), T a l o r c h e s t i a  g u a d r i s p in o s a  (B arnard , 1916) e t  
T a l o r c h e s t i a  s p i n i f e r a  (E. M a te u s ,  1962) A m phipodes T a l i t r i d a e .  
P r e c i s i o n s  s y s t é m a t i q u e s  e t  r e p a r t i t i o n  g é o g r a p h i q u e .  
C r u s t a c e a n a , V o l .8 , p p .5 5 -6 5 .
Am bore, N.E. and SJLT. V e n k a ta c h a r i  (1978) R e s p i r a to ry  m e ta b o lism  in  
r e l a t i o n  t o  s i z e ,  s e x  a n d  g i l l  a r e a  o f  t h e  f r e s h w a t e r  c r a b  
B a r y t e l p h u s a  g u l r i n i  M i ln e - E d w a r d s .  I n d . J .  e x p . B i o l . ,  V o l .1 6 , 
p p .465-472 .
A n d e r s s o n ,  A. (1963) Qn a  c o l l e c t i o n  o f  A m ph ipoda  o f  t h e  f a m i l y  
T a l i t r i d a e  fro m  t h e  C a n a ry  I s l a n d s .  A rk . Z o o l .( S e r  2 ) ,  V o l .1 5 ,
p p .211-218 .
Anon (1979) S u p p re ss io n  u n d e r p le n o r y  p o w ers  o f  names f o r  g e n u s  and 
s p e c i e s  o f  A m ph ipoda  p r o p o s e d  by  R a f in e s q u e  b e tw e e n  1814  a n d  
1 8 2 9 . B u l l .  Z o o l. nom . V o l .3 6 , p p .9 1 -1 0 1 .
A rd e n se , M.C. (1978) M a g n e tic  f i e l d  d e t e c t i o n  i s  d i s t i n c t  from  l i g h t  
d e t e c t o r s  i n  t h e  i n v e r t e b r a t e s  T e n e b r io  a n d  T a l i t r u s .  N a t u r e .  
L o n d ., V o l .2 7 4 , p p .3 5 9 - 3 6 2 .
Ar d e n s e , M.C. (1980) Non v i s u a l  o r i e n t a t i o n  in  th e  sandhopper T a l i t r u s  
s a l t a t o r  (M ont). N e th .  J .  Z o o l . ,  V o l .3 0 , p p .5 3 5 -5 5 4 .
A r d e n s e ,  M.C. and  A. B a r e n d r e g t  (1981) M a g n e t ic  o r i e n t a t i o n  i n  t h e  
s e m i - t e r r e s t r i a l  a m p h ip o d  Q r c h e s t i a  c a v im a n a , an d  i t s  i n t e r ­
r e l a t i o n s h i p  w i t h  p h o t o - o r i e n t a t i o n  a n d  w a te r  l o s s .  P h y s i c a l  
E n t . ,  V o l .6 , p p .3 3 3 -3 4 2 .
154
A rp , A .J . a n d  J . J .  C h i l d r e s s  (1985) O x y g e n - b in d in g  p r o p e r t i e s  o f  t h e  
b lo o d  o f  t h e  d e e p - s e a  s h r im p  G ly p h o c ra n g o n  v i c a r i a .  P h y s i o l .  
Z o o l . ,V o l .  5 8 , p p .3 8 -4 5 .
A s h to n ,  D.H. (1975) S t u d i e s  i n  t h e  l i t t e r  i n  E u c a ly p tu s  r e g n a n s  
f o r e s t s .  A u s t .  J .  B o t . ,  V o l .2 3 , p p .4 1 3 -4 3 3 .
A y e r s ,  J .C . (1938) R e l a t i o n s h i p  o f  h a b i t a t  t o  o x y g e n  c o n s u m p t io n  i n  
c e r t a i n  e s tu a r in e  c ra b s .  E c o lo g y , Vo 1 .19 , pp .523-527 .
B a b u la , A., J .  B ie la w sk i and J .  S o b ie s k i  (1978) Oxygen co n su m p tio n  and 
g i l l  s u r f a c e  a r e a  in  M e s id o th e a  en tom on (L) (Iso p o d a , C ru s ta c e a ) .  
Comp. B io c h . P h y s i o l . ,  V0 I . 6 IA , p p .5 9 5 -5 9 7 .
B a c k lu n d ,  H.O. (1945) W rack  F a u n a  o f  S w eoen  an d  F i n l a n d ;  e c o lo g y  a n d  
c h o ro lo g y . Opusc. E n t. S u p p lem en t 5. 236pp ., Lund.
B a g e n a l ,  T.B . (1957) The v e r t i c a l  r a n g e  o f  som e l i t t o r a l  a n im a l s  o n  
S t .  K i l o a .  S c o t .  N a t . ,  V o l .6 9 , p p .5 0 -5 1 .
B a k e r ,  C .F . (1915) Two A m p h ip o d a  o f  L u z o n . P h i l i p p i n e  J .  S c i . V o l .10 
s e c t  D, p p .251-255.
B a rn a rd , J .L . (1960) I n s e c t s  o f  M ic ro n e s ia  C ru s ta c e a  Amphipod (S tra n d  
and  t e r r e s t r i a l  T a l i t r i d a e ) .  I n s e c t  M ic ro n e s ia , V o l.4 , pp .1 3 -3 0 .
B a r n a r d ,  J .L .  (1969) The f a m i l i e s  a n d  g e n e r a  o f  m a r in e  g a m m a r id e a n  
A m p h ip o d a . B u l l .  U.S. N a t .  M us. ,  V o l .2 7 1 : 535pp .
B a r n a r d ,  J .L .  (1972) The m a r in e  F a u n a  o f  New Z e a la n d :  a l g a e  l i v i n g  
l i t t o r a l  Gam m aridae (C ru s ta c e a :  A m phipoda). ^  ^  Oceanog. I n s t .  
Mem., V o l .6 2 , 216pp .
B a r n a r d ,  K.H. (1915) C o n t r i b u t i o n s  t o  t h e  c r u s t a c e a n  f a u n a  o f  S o u th  
A f r i c a .  5 . The A m p h ip o d a . A nn. S . A f r .  M us. C ape Tow n, V o l .1 5 , 
p p .1 0 5 -3 0 2 .
B a rn a rd , K.H. (1935) R e p o r ts  on some A m phipoda, Iso p o d a  and T a n a id a c e a  
i n  t h e  c o l l e c t i o n s  o f  t h e  I n d i a n  M useum . R ec. I n d . M us. 
C a l c u t t a , V o l .3 7 , pp .279 -319 .
B a rn a rd , K.H. (1936) T e r r e s t r i a l  Iso p o d s  and  Amphipods from  M a u r i t iu s .  
A nn. N a t a l .  M us., V o l .8 , p p .1 - 1 7 .
B a r n a r d ,  K.H. (1940) C o n t r i b u t i o n s  t o  t h e  c r u s t a c e a n  f a u n a  o f  S o u th  
A f r i c a  X I I .  F u r th e r  a d d i t i o n s  t o  t h e  T a n a id a c e a ,  I s o p o d a  a n d  
A m phipoda, to g e th e r  w i th  key f o r  th e  i d e n t i f i c a t i o n  o f  h i t h e r t o  
u n r e c o r d e d  m a r in e  a n d  f r e s h w a t e r  s p e c i e s .  Ann. S. A f r .  M us. ,  
V o l .3 2 , p p .3 8 1 -5 4 3 .
B a r n a r d ,  K.H. (1 9 5 8 )  T e r r e s t r i a l  i s o p o d s  a n d  a m p h i p o d s  f r o m  
M adagascar. Mem. I n s t .  S c i .  M adagascar A, V o l.1 2 , pp .67 -111 .
B a r r e t t ,  J .  a n d  C.M. Y onge (1958) P o c k e t  g u id e  t o  t h e  s e a - s h o r e .  
C o l l in s .  272pp .
155
B a r r o i s ,  T h . (1887) N o te  s u r  q u e lq u e s  p o i n t s  d e  l a  m o r p h o lo g ie  d e s  
O r c h e s t i e s ,  s u r v i e  d 'u n e  l i s t e  s u c c i n c t e  d e s  A m p h ip o d es  d u  
B o u lo n n a is . L i l l e ,  1887 8 vo 20pp.
B a r r o i s ,  Th. (1888) N o te  s u r  l ' h i s t o i r e  n a t u r e l l e  d e s  A c o re s  -D e  
l 'a d a p t a t i o n  de  l ' Q r c h e s t i a  l i t t o r e a  Mcxitagu a  l a  v i e  t e r r e s t r e .  
B u l l .  S o c . Z o o l . F r . ,  V o l .1 3 , p p .1 9 -2 2 .
B a te ,  C.S. (1862) "C a ta lo g u e  o f  th e  sp e c im en s  o f  A m g^ipodous C ru s ta c e a  
in  th e  c o l l e c t i o n  o f  th e  B r i t i s h  Museum", B r i t i s h  Museum (N a tu ra l  
H is to ry )  London, 399pp .
B a te ,  C .S . a n d  J .D . W estw o o d  (1863) H i s to r y  o f  t h e  B r i t i s h  S e s s i l e  
eyed  C ru s ta c e a . V ol I  and  I I ,  London.
B a y a r d ,  A. a n d  J .  C a ra y o n  (1946) Une s t a t i o n  n o u v e l l e  d 'O r c h e s t i a  
b o t t a e  a u x  e n v i r o n s  d e  P a r i s .  F e u i l l e  N a t .  P a r i s  N .S ., V o l . l ,  
p p .9 -1 0 .
B eck m an n , H. (1941) U ber d a s  V orkom m en von  Q r c h e s t i a  c a v im a n a  b e i  
B e r l in .  Mark. T ie rw . B e r l i n , V o l.4 , pp .296-298 .
B e e m s te r ,  P. a n d  K. D e z w a r t  (1977) T a l o r c h e s t i a  f r i s i a e  K l e i n ,  1 9 6 9 ; 
J u v e n i l e  p h a se  o f  ^  d e s h a y e s i i  (Audouin, 1826). B u l l .  Zool. Mus. 
U n iv . A m s t.,  V o l .6 , p p .3 9 - 4 4 .
B e h b e h a n i ,  M .I, an d  R.A. C r o k e r  (1982) E c o lo g y  o f  b e a c h  w ra c k  i n  
N o r th e rn  New England (U.SJL) w i th  s p e c i a l  r e f e r e n c e  to  Q r c h e s t ia  
p l a t e n s i s . E s t .  C o a s t .  S h e l f  S c i . ,  V o l .1 5 , p p .6 1 1 -6 2 0 .
B e n d e r ,  J .A . (1975) T r a c e  m e t a l  l e v e l s  i n  b e a c h  d i p t e r a n s  a n d  
am phipods. B u ll ,  e n v iro n , con tam . T o x ic o l. ,  V o l .l4 , gp).187-192.
B e r c k e n ,  V .J . ,  S . B r o e k h u iz e n ,  J ,  R in g e lb e r g  a n d  H.H.W. V e l t h u i s  
( 1 9 6 7 )  N o n  v i s u a l  o r i e n t a t i o n  i n  T a l i t r u s  s a l t a t o r . 
E x p e r im e n tia , V o l.2 3 , p p .4 4 - 4 5 .
B e r r i d g e ,  M .J. (1970) Q s m o r e g u la t i o n  in  t e r r e s t r i a l  a r t h r o p o d s .  I n  
C h e m ic a l  Z o o lo g y , e d .  by  M. F l o r k i n  an d  B.T. S c h e e r .  V o l .5 
A r th ro p o d a  p a r t  A, p p .2 8 7 -3 1 9 . A cadem ic P r e s s .
B e r t h e t ,  J .  an d  P. B e r t h e t  (1963) P r e s e n c e  d e  I 'h e r a o c y a n in e  d a n s  
l'hèm olym phe d e s  is o p o d e s  e t  d e s  am phipodes. A rch . I n t .  P h y s io l .  
B iochem ., V o l.7 1 , p p .1 2 4 -1 2 5
B ie rbaum , CJC. (1980) Q c c u rre n c e  o f  th e  "tram p" t e r r e s t r i a l  Am phipods. 
T a l i t r o i d e s  a l l u a u d i  ( C h e v r e u x )  a n d  ^  t o p i t o t e m  ( B u r t )  
( A m p h ip o d a ;T a l i t r id a e )  i n  S o u th  C a r o l i n a .  B r i m i l e y a n a , V o l .3 ,  
p p .107 -1 1 1 .
B l i s s ,  D .E . (1 9 6 8 )  T r a n s i t i o n  f r o m  w a t e r  t o  l a n d  i n  d e c a p o d  
c r u s t a c e a n s .  Am. Z o o l. V o l .8 , p p .3 5 5 -9 2 .
B l i s s ,  D.E. and  L.H. M an te l (1968) A d a p ta tio n s  o f  c r u s ta c e a n s  t o  la n d ;  
a  sum m ary  and  a n a l y s i s  o f  new  f i n d i n g s .  Am. Z o o l .  V o l .8 , p p .6 7 3 -  
685.
156
Bock, K .-D . (1967) E x p é r im e n te  z u r  O k o lg ie  von  Q r c h e s t i a  p l a t e n s i s  
K ro y e r .  Z. M orph. Q k o l . T i e r e . ,  V o l .5 8 , p p .4 0 5 -4 2 8 .
B o e c k , À. (1872) De S k a n d i n a v i s k e  o g . A rk h sk e  A m ph ipode  r  1 s t  p a r t .  
C h r i s t i a n a ,  1872 4 t o  161 pp .
B o n n ie r ,  J .  (1898) I n  V .W ille m , un n o u v e l  A m ph ipode  t e r r e s t r e  
(T a l i t r o i d e s , J .  b o n n ie r )  t r o u v é  en  B e lg iq u e .  A n n ls .  S o c . e n t .  
B e lg . ,  V o l .4 2 , p p .2 0 8 - 2 1 1 .
B oone, W.R, & E. S c h o f f e n ie l s  (1979) Hem ocyanin s y n th e s i s  d u r in g  hy p o - 
o s m o t ic  s t r e s s  i n  t h e  s h o r e  c r a b  C a r c in u s  m a e n a s  (L ). Comp. 
B io c h . P h y s i o l . ,  V o l.6 3 B , p p .2 0 7 -2 1 4 ,
B o o th ,  C .E ., B.R. McMahon a n d  A.W. P in d e r  (1982) Q xygen u p ta k e  a n d  t h e  
p o t e n t i a t i n g  e f f e c t s  o f  i n c r e a s e d  hem olym ph l a c t a t e  on  o x y g e n  
t r a n s p o r t  d u r in g  e x e r c i s e  in  th e  b lu e  c ra b , C a l l i n e c t e s  s a p id u s . 
J .  Comp. P h y s i o l . ,  V o l .1 4 8 , p p .1 1 1 -1 2 1 .
B o u le n g e r ,  C.L. (1908) On t h e  h e r m a p h r o d i t i s m  o f  t h e  A m phipod  
Q r c h e s t i a  d e s h a y e s i i . P r o c .  Z o o l .  S o c . L ond. ,  p p .4 2 -4 7 .
B o u s f ie ld ,  E.L. (1957) N o te s  on th e  am phipod genus Q rc h e s to id e a  on th e  
P a c i f i c  c o a s t  o f  N o r th  A m e r ic a .  B u l l .  S. C a l i f .  A cad . S c i . ,  
V o l,5 6 , p p .1 1 9 -1 2 9 .
B o u s f ie ld ,  EJL. 1956 (1958) D i s t r i b u t i o n a l  e c o lo g y  o f  th e  t e r r e s t i a l  
T a l i t r i d a e  ( C r u s t a c e a ;  A m ph ipoda) o f  C a n a d a . P r o c .  10—  I n t .  
C o n g r. E n to m o l . ,  V o l . l ,  p p .8 8 3 -8 9 8 .
B o u s f i e l d ,  E .L. (1961) New r e c o r d s  o f  B each  h o p p e r s  ( C r u s t a c e a ;  
A m phipoda) f ro m  t h e  c o a s t  o f  C a l i f o r n i a .  B u l l .  N a t l .  M us. C a n ., 
V o l .1 7 2 , p p .1 - 1 2 .
B o u s f i e l d ,  E .L. (1964) I n s e c t s  o f  C a m p b e ll I s la n d .  T a l i t r i d  a m ^ ip o d  
c ru s ta c e a n s .  P a c i f i c  I n s e c t s  M onogr., V o l.7 , pp .45 -57 .
B o u s f ie ld ,  EJL. (1968) T e r r e s t i a l  A d a p ta tio n s  in  C ru s ta c e a  S e s s io n  1; 
D is c u s s io n , T r a n s i t io n  t o  la n d . Am. Z oo l., V o l.8 , pp .393-398 .
B o u s f i e l d ,  E.L. (1971) A m p h ip o d a  o f  t h e  B is m a rc k  A r c h ip e l g o  a n d  
a d ja c e n t  I n d o - P a c i f i c  I s l a n d s  ( C r u s t a c e a ) .  S t e e n s t r u p i a , V o l . l ,  
p p .2 5 5 -2 9 3 .
B o u s f i e l d ,  E.L. (1973) S h a l l o w - w a t e r  g a m m a rid e a n  A m p h ip o d a  o f  New 
E ngland . C o rn e l l  U n iv e r s i ty  P r e s s ,  I th a c a ,  N.Y. 3 1 2 j^ .
B o u s f ie ld ,  E*L. (1975) M o rp h o lo g ic a l  key to  th e  T a l i t r i d a e .  In  L ig h t 's  
m anual. I n t e r t i d a l  i n v e r t e b r a t e s  o f  th e  C e n tr a l  C a l i f o r n i a  C o a s t. 
Ed R .I  S m itn  a n d  J .T .  C a r l t o n  3 rd  e d . U n iv . C a l i f .  P r e s s . ,  
B e rk e le y  p p .3 5 2 -3 5 5 .
B o u s f i e l d ,  E .L. (1976) A new  t e r r e s t r i a l  a m p h ip o d  f ro m  L o rd  Howe 
I s l a n d .  R e c . A u s t .  M us., V o l .3 0 ,  p p .1 1 8 -1 2 2 .
157
B o u s f ie ld ,  EJL. (1982) The am phipod f a m i ly  T a l i t r o i d e a  i n  t±ie n o r th ­
e a s t e r n  P a c i f i c  r e g i o n .  1 . F a m ily  T a l i t r i d a e ;  s y s t e m a t i c s  a n d  
d i s t r i b u t i o n a l  ec o lo g y . P u b l. in  B io l .  O ceanog raphy , No 11, N a t. 
Museum C anada,
B o u s f i e l d ,  E .L . (1984) R e c e n t  a d v a n c e s  i n  t h e  s y s t e m a t i c s  an d  
b io g eo g ra p h y  o f  la n d h o p p e rs  (Amphipoda; T a l i t r i d a e )  o f  th e  In d o -  
P a c i f i c  R e g i o n .  I n  B i o g e o g r a p h y  o f  t h e  T r o p i c a l  P a c i f i c . 
P r o c e e d i n g s  o f  a  sy m p o s iu m . E d i t e d  by  F .J .  R a d o v s ty ,  P.H. R aven  
an d  S.H. S o h m e r. P u b l i s h e d  j o i n t l y  by t h e  A s s o c i a t i o n  o f  
s y s t e m a t i c s  c o l l e c t i o n s  a n d  t h e  B e r n ic e  P. B is h o p  Museum a s  
B ishop  Museum S p e c ia l  P u b l i c a t i o n  no 72 , j p .  171-210 .
B o u s f i e l d ,  E .L. a n d  J .  C a r l t o n  (1967) New r e c o r d s  o f  T a l i t r i d a e  
(C ru s ta c e a ; Amphipoda) from  th e  c e n t r a l  C a l i f o r n ia n  C o ast. B u ll ,
S . C a l i f .  A cad . S c i . ,  V o l .6 6 , p p .2 7 7 -2 8 4 .
B o u s f i e l d ,  E .L . a n d  R.W. H e a rd  (1986) S y s t e m a t i c s ,  d i s t r i b u t i o n a l  
e c o lo g y , and some h o s t - p a r a s i t i c  r e l a t i o n s h i p s  o f  U h l o r c h e s t i a  
u h l e r i  (Shoem aker) and s p a r t i n o p h i l a , new s p e c ie s  (C ru s ta c ea ; 
A m p h ip o d a ) , E n d em ic  t o  s a l t  m a r s h e s  o f  t h e  A t l a n t i c  c o a s t  o f  
N o r th  A m e r ic a .  J .  C r u s t .  B i o l . ,  V o l .6 , p p .2 6 4 - 2 7 4 .
B o u s f i e l d ,  E.L. a n d  F.G. H o w a rth  (1977) T he c a v e r n i c o l o u s  f a u n a  o f  
H a w a i ia n  l a v a  t u b e s  & t e r r e s t r i a l  A m p h ip o d a  ( T a l i t r i a a e ) . 
I n c l u d i n g  a  new g e n u s  a n d  s p e c i e s  w i t h  n o t e s  on  i t s  b io lo g y .  
P a c i f i c  I n s e c t s , V ol. 17, pp .144-154 .
B o u s f i e l d ,  E .L . a n d  W.L. K law e  (1963) O r c h e s t o i d e a  g r a c i l i s , a  new 
b e a c h  h o p p e r  (A m phipoda: T a l i t r i d a e )  f ro m  L ow er C a l i f o r n i a ,  
M e x ic o , w i t h  r e m a rk s  on  i t s  lu m in e s c e n c e .  B u l l .  S . C a l i f .  A cad . 
S c i . ,  V o l .6 2 , p p .1 - 8 .
B o w e r s ,  D .E . (1 9 6 3 )  F i e l d  i d e n t i f i c a t i o n  o f  f i v e  s p e c i e s  o f  
C a l i f o r n i a n  b e a c h  h o p p e r s  ( C r u s t a c e a ;  A m p h ip o d a ) . P a c . S c i . ,  
V o l .1 7 , p p .3 1 5 -3 2 0 .
B ow ers, D.E. (1964) N a tu ra l  h i s t o r y  o f  tw o beach  h o p p e rs  o f  th e  genus 
O r c h e s t o i d e a  ( C r u s t a c e a ;  A m phipoda) w i t h  r e f e r e n c e  t o  t h e i r  
c o m p le m e n ta l d i s t r i b u t i o n .  E c o lo g y , V o l.4 5 , pp .677-696 .
B o w e rs , D.E. (1975) A f i e l d  ( c o l o r - p a t t e r n )  k ey  t o  Q r c h e s t i o d e a . I n  
L i g h t s  m a n u a l .  E d . R . I .  S m i t h  & J .T .  C a r l t o n .  I n t e r t i d a l  
i n v e r t e b r a t e s  o f  c e n t r a l  C a l f o r n i a  C o a s t . U n iv . C a l i f .  P r e s s ,  
p p .355 -3 5 7 .
Bow m an, T .E . (1977) Q r c h e s t i a  v a g g a l a , a  new l a n d  h o p p e r  f ro m  t h e  
G a lapagos I s l a n d s  (C ru s ta c e a ; Am phipoda; T a l i t r i d a e ) .  P roc . B io l .  
S o c . W ash . ,  V o l .9 0 , p p .6 5 8 -6 6 8 .
B o y le ,  C.E. (1969) O i l  p o l l u t i o n  o f  t h e  s e a :  i s  t h e  e n d  in  s i g h t ?  
B i o l .  C o n s e r v . ,  V o l . l ,  p p .3 1 9 -3 2 7 .
B ra c h t,  G. (1980a) Das V e r b r e i tu n s h i ld  von Q r c h e s t ia  cav im ana  H e l le r ,  
1865, i n  N o rd w e s td e u tc h la n d . L im n o lo g isc h e  S c h r. G ew asser Abwasb, 
V o l .6 6 , p p .1 1 9 -1 2 9 .
158
B r a c h t ,  G. (198üb) T he ju m p  o f  Q r c h e s t i a  c a v im a n a  H e l l e r ,  186 5 , 
E x p e r ie n t i a , V o l .3 6 , p p .5 6 - 5 7 .
B r e g a z z i ,  P.K. (1972) T he e f f e c t s  o f  lo w  t e m p e r a t u r e  upon  t h e  
lo c o m o to r y  a c t i v i t y  rh y th m  o f  T a l i t r u s  s a l t a t o r  (M ontagu) 
( C r u s t a c e a :  A m p h ip o d a ). J .  e x p . B i o l . ,  V o l .5 7 , p p .3 9 3 -3 9 9 .
B r e g a z z i ,  P.K. an d  E. N a y lo r  (1972) The lo c o m o to r  a c t i v i t y  rh y th m  o f  
T a l i t r u s  s a l t a t o r  (M on tagu ) ( C r u s ta c e a :  A m p h ip o d a ) . J .  e x p . 
B i o l . , V o l .5 7 , p p .3 7 5 -3 9 1 .
B r e n n e r ,  D ., I .  V a l i e l a ,  C.D. Van R a a l t e ,  an d  E .J . C a r p e n te r  (1976) 
G r a z in g  by T a l o r c h e s t i a  l o n g c o r n i s  on  an  a l g a l  m a t  i n  a  new  
E n g la n d  s a l t  m a r s h .  J .  e x p . m a r . B i o l .  E c o l . ,  V o l .2 2 , p p .1 6 1 -1 6 9 .
B r i d g e s ,  C .R ., S . M o r r i s ,  a n d  M.K. G r i e s h a b e r ,  (1984) M o a u la t io n  o f  
h a e m o c y a n in  o x y g e n  a f f i n i t y  i n  t h e  i n t e r t i d a l  p ra w n  P a la e m o n  
e le g a n s  (R athke). R e s p i r .  P h y s i o l . ,  V o l .5 7 , p p .1 8 9 -2 0 0 .
B r l o g e s ,  C .R ., J .E .P .W . B ic u d o ,  a n d  G. L ykkeboe  (1979) Q xygen c o n t e n t  
m e a s u re m e n t  i n  b lo o d  c o n t a i n i n g  h a e m o c y a n in . Comp. B io c h e m . 
P h y s i o l . ,  V 01.62A , p p .4 5 7 -4 6 2 .
B ro u w e r , M., C. B o n a v e n tu ra  a n d  J .  B o n a v e n tu ra  (1978) A n a l y s i s  o f  t h e  
e f f e c t  o f  t h r e e  o i f f e r e n t  a l l o s t e r i c  l ig a n d s  on oxygen b in d in g  by 
th e  haem ocyan in  o f  th e  s h r im p , P anaeus s e t i f e r u s .  B io c h e m is try , 
V ol.17 , p p .2 1 4 8 -2 1 5 4 .
B u ln h e im , H .-P . (1979) C o m p a r a t iv e  s t u d i e s  on t h e  p h y s i o l o g i c a l
e c o lo g y  o f  f i v e  e u r y h a l in e  G am m arus s p e c i e s .  Q e c o l o g ia , V o l .4 4 , 
p p .8 0 -8 6 .
B u ly c h e v a ,  A .I .  (1957) M o rs k ie  b i o k h i  m o r e i i  S .S .S .R . i  s o p r e d e l ’nykh  
vod ( A m p h ip o d a - T a l i t r o id e a ) . Q p red  F au n e  S .S .S .R ., V o l .6 5 , p p . l -  
185.
B u r g g r e n ,  W.W. a n d  B .R . M cM ahon  (1 9 8 1 )  O x y g e n  u p t a k e  d u r i n g  
e n v iro n m e n ta l  te m p e ra tu re  change  in  h e rm i t  c r a b s :  A d a p ta tio n  to  
s u b t i d a l ,  i n t e r t i d a l  a n d  s u p r a t i d a l  h a b i t a t s .  P h y s i o l .  Z o o l . ,  
V o l .5 4 , p p .3 2 5 -3 3 3 .
B u r t ,  D.R.R. (1934) On th e  am phipod gen u s T a l i t r u s , w i th  a  d e s c r i p t i o n  
o f  a  new s p e c ie s  from  C ey lo n , T a l i t r u s  ( T a l i t r o p s i s )  t o p i  t o  turn, 
s u b . g e n . S p . N ov .. C e y lo n  J .  S c i . S e c t  B, V o l .1 8 , p p .1 8 1 -1 9 1 .
C a in , A .J . an d  D.H. C u s h in g  (1948) S ec o n d  o c c u r r e n c e  an d  p e r s i s t a n c e  
o f  th e  am phipod Q r c h e s t ia  b o t t a e  (M. Edwards) in  B r i t a i n .  N a tu re , 
L o n d ., V o lJ .6 1 , p 4 8 3 .
C a im a n , W.T. (1912) Qn a  t e r r e s t i a l  am p h ip o d  f ro m  Kew g a r d e n s .  Ann. 
Mag. N a t .  H i s t . (S e r  8 ) ,  V o l .1 0 , p p .1 3 2 -1 3 7 .
C a lv a r io ,  J .  and J.C . M arques (1983) E tude s y s té m a t iq u e  e t  é c o lo g iq u e  
d 'u n e  c o l l e c t i o n  d 'a m p h i p o d e s  d e  l a  z o n e  i n t e r t i d a l e  d e  
I ' e s t u a i r e  d u  T a g e  ( P o r t u g a l ) .  C i e n c .  b i o l .  e c o l .  s y s t  
( P o r t u g a l ) , V o l .5 , p p .8 9 - 9 5 .
159
Cam m en, L.M. (19üu) I n g e s t i o n  r a t e ,  a n  e m p i r i c a l  m o o e l f o r  a q u a t i c  
d e p o s i t  f e e d e r s  and d e t r i v o r e s .  O e c o lo g ia  (B e rl.) ,V o l.4 4 , p p .iÙ J- 
31Ü.
C a n a r is ,  A.G. (1962) A new genus and s p e c ie s  o f  m ite  (L a la p tio a e )  fro iu  
Q r c h e s t o i d e a  c d l i f o r n i a n a  (G a m m a ria a e ) . P a r a s i t . ,  V o l .4 6 , 
p p .4 o 7 -4 b 9 .
C a r l ,  J .  (1 9 3 4 )  Un A m p h ip o d e  t e r r e s t r e  a e s  N i l g i r i s ,  T a l i t r u s  
d e c o r a t u s  n . s p .  R ev. S u i s s e  Z o o l . ,  V o l .4 1 , p p .7 4 l - 7 4 b .
C a s p e r s ,  H. (1 9 5 1 )  B i o z o n o t i s c h e  U n t e r s u c h u n g e n  u b e r  d i e  
s tr a n d a r th ro p o o e n  im B u lg a r  i s c h e m  K u s t e n b e r e i c h  d e s  s c h w a rz e n  
m e e r e s .  h y d r o b i o l . , V o l . j ,  pp .131-193 .
C a s t r o ,  A.L. a e  (1972) T a l i t r u s  ( T a l i t r o i o e s )  p a c i f i c u s . H u r le y ,  
a n f  ip o u o  t e r r e s t r e  i n t r o o u z i a o  em Sao  P a u lo .  A rq . I n s t .  B i o l .  S . 
P a u lo , V o l.3 9 , p p .2 U l-2 ( j3 .
C a s t r o ,  A.L. o e  (1979) T e r r e s t i a l  A iu p n ip o o a  o r  t h e  g e n u s  T a l i t r u s  
i n t r o o u c e o  i n t o  B r a z i l ,  a t a s .  B oc. b i o l .  k i o  o e  J_., V o l .1 9 , 
pp.47-D U .
C a s r r o ,  A.L a n a  F . a .  n a t t n i e s o n  ( I 9 b 2 )  O c o r r e n c i a a e  T a l i t r u s  
( T a lI t r o id e s )  p a c i i i c u s  h u r le y  em k io  C la ro ,  e s ta d o  oe bao P au lo  
(am pnipooa: T a l i t r i a a e ) .  C ienc  i a  C u l t ,  b. P a u lo , V o l.04, p .l5 u 2 .
C e j a s ,  U . K . ,  A .  b r i t o  a n a  G. L ozan o  ( l9 b b )  S o o re  a lg u n o s  gam m ar i d l o s  
(C ru s ta c e a : Ampnipoaa) naevos p a ra  l a  ra u n a  m a rin a  ae  C a n a r ia s . 
V T eraea, V o l.1 2 , p p .3 1 7 -o 2 b .
C n a rn ia u x -C o tto n , m. (1937) C ro is s a n c e ,  r é g é n é r a t io n  e t  a e re rm in is iiie  
e n d o c r ie n  a e s  c a r a c t è r e s  s e x u e l s  a 'O r c n e s t i a  g a m m a r e l la  p a l l a s  
( C r u s t a c é :  A ia p n ip o a e ) . A n n .  S c i .  n a t .  Z o o i. e t  b i o l .  a n i m a l e . 
V o l .1 9 , p p .4 1 1 -5 5 9 .
C h a rn ia u x -C o tto n , h . (196u) Le te rm in is m e  a e  l ' i n t e r s e x u a l i t é  chez l e s  
c r u s t a c é s  s u p e n e w s  e t  p a r t i c u l i è r e m e n t  c h e z  l e s  A m p h ip o aes  
T a l i t r i a a e .  b u l l .  S o c , z o o l .  F r . ,  V o l .b 7 , p p .3 3 b -3 b 6 .
C h a r n i a u x - C o t to n ,  h . and  G. P a y e n  ( I9 ü 5 )  S e x u a l  a i t f e r e n c i a t i o n .  I n  
T h e  B i o l o g y  o f  t h e  C r u s t a c e a  (D .F . B l i s s ,  E d . ) ,  V o l .  9 
In te g u e m e n t, p ig m e n ts  and h o rm ona l p r o c e s s e s  (D.B. o l i s s  ana L.H. 
m a n te l B ds), new Yorx, ^ c a a e m ic  p r e s s ,  p p .2 l7 -3 ü ü .
C h a rn ia u x -L e g ra n d , h. (1952) Le c y c le  a ' in te rm u e  a e s  am ph ipoaes e t  s e s  
p a r t i c u l a r i t é s  c h e z  l e s  t e r m e s  t e r r e s t r e s  ( T a l i t r i a a e ) .  A rcn . 
Z o o l. Lxp G en , V o l.o b , p p . l 7 b - 2U4 .
C hevreux , B. (lübo) N ote s u r  l a  p re s e n c e  de l ' Q r c h e s t ia  c h e v re u x i (ae 
G u ern e) à  T e n é r i f f e ;  a e s c r i p t i o n  a u  m a ie  a e  c e t t e  e s p e c e  e t  
r e m a r q u e s  s u r  l a  l o c o m o t i o n  a e  l ' Q r c h e s t i a  l i t t o r e a  
(M o n ta g u ). B u l l .  S o c . Z o o l . F r . ,  V o l .1 3 , p p .9 2 - 9 b .
C hevreux , L. (Ib93) N otes s u r  q u e lq u e s  A m phipoaes M e a ite r ra n é e n s  a e  l a  
f a m i l l e  d e s  Q rc n e s t ia a e .  B u ll .  Soc. Z ool. F r . ,V o l . lb ,  pp ,124-12b .
C hevreux , E. (1895) Sur l ' i d e n t i t é  de  Q r c h e s t ia  in c is im a n a  C hevreux 
e t  d e  Q r c h e s t i a  c r a s s i c o r n i s  C o s ta .  B u l l .  S o c . E n t .  F r .  V o l .6 2 ,
p . 118.
C hevreux , E. (1896) R ech e rch es  z o o lo g iq u e s  d a n s  l e s  s e r r e s  du Museum 
d e  P a r i s .  IV . S u r  un  A m p h ip o d e  t e r r e s t r e  e x o t i q u e ,  T a l i t r u s  
a l l u a u d i  no v .sp . a c c l im a té  d a n s  l e s  s e r r e s  du  J a r d i n  d e s  P la n te s  
de  P a r i s .  F e u i l l e  J e u n .  N a t . , s e r . 3 , V o l .2 6 , 1 1 2 -1 1 3 .
C h e v r e u x ,  E . ( 1 9 0 2 a )  D i a g n o s e  d 'u n  A m phipod n o u v e a u  ( Q r c h e s t i a  
e x c a v a t a ) p r o v e n a n t  d e  H a u t  -  Z am beze. B u l l .  M us. P a r i s . ,  V o l .8 , 
p p .521 -522 .
C h e v re u x , E. (1902b) M is s io n  s c i e n t i f i q u e  d e  M. Ch. A l lu a u d  au x  i l e s  
S e y c h e l l e s  -  C r u s t a c é s  A m p h ip o d e s . Mem. S o c . Z o o l . F r . ,  V o l .1 4 , 
p p .388 -4 3 8 .
C h e v re u x , E. (1908) A m p h ip o d s  r e c u e i l l i s  d a n s  l e s  p o s s e s s i o n s  
f r a n ç a i s e s  d e  l 'Q c e a n i e  p a r  M. l e  D r. S e u r a t ,  d i r e c t o r  d e  
l a b o r a t o r y  d e  r e c h e r c h e s  b i o l o g i q u e s  d e  R i k i t e a  ( i l e s  G a m b le r  
1 9 0 2 -1 9 0 4 ) P a r i s .  Mem. S o c . Z o o l . ,  V o l .2 0 , p p .4 7 0 -5 2 7 .
C h e v re u x , E. a n d  L. F a g e  (1925) A m p h ip o a e s , F a u n a  F r . ,  V o l .9 , p p . l -  
488.
C h i l t o n ,  C. (1909) The C r u s t a c e a  o f  t h e  S u b a n t a r t i c  I s l a n d s  o f  New 
Z e a la n d  I n ,  The S u b a n t a r t i c  I s l a n d s  o f  New Z e a la n d .  W e l l in g t o n  
N .Z ., V o l .2 , p p .6 0 1 -6 7 1 .
C h i l to n ,  C. (1916a) A new s p e c i e s  o f  Q r c h e s t ia .  W e ll in g to n  T ra n s , and  
P r o c .  N.Z. I n s t . ,  V o l .4 8 , p p .3 5 4 -3 5 9 .
C h i l t o n ,  C. (1916b ) Some A m p h ip o d a  an d  I s o p o d a  f ro m  B a r r i n g t o n  t o p s  
( 4 6 0 0 f t  a l t )  N.S.W ., S y d n e y  N.S.W. J .R . S o c .,  V o l .5 0 , p p .8 2 -9 8 .
C h i l to n ,  C. (1917) The New Z e a lan d  sa n d -h o p p e rs  b e lo n g in g  to  th e  genus 
T a l o r c h e s t i a . T r a n s .  N.Z. I n s t . 4 9 , 2 9 2 -3 0 3 .
C h i l to n ,  C. (1919) The am phipod Q r c h e s t i a  tu e u r a u n a , F r i t z  M u lle r , o f  
B r a z i l ,  r e d e s c r i b e d  f ro m  New Z e a la n d  s p e c im e n s .  Ann. Mag. N a t .  
H i s t ,  ( s e r ,  9 ) ,  V o l .3 ,  p p .3 7 6 -3 8 6 .
C h i l t o n ,  C. (1925) Some A m p h ip o d a  an d  I s o p o d a  f ro m  t h e  C h a ta h am  
I s l a n d s .  Rec. C a n te rb u ry  Mus. C h r is tc h u rc h , V o l.2 , pp .317-326 .
C i a v a t t i ,  G. (1983) M ise  a u  p o i n t  d 'u n e  m é th o d e  d ' i s o l e m e n t  d e s  
t a l i  t r è s  ( C r u s t a c é s ,  A m p h ip o d es)  à  p a r t i r  d e s  L a is s e s  de  p la g e . 
B i j d .  D e i r k . ,  V o l .5 3 , p p .9 9 - 1 0 2 .
C l a r k ,  D.P. (1955) The i n f l u e n c e  o f  body  w e i g h t ,  t e m p e r a t u r e  a n d  
s e a s o n  u p o n  t h e  r a t e  o f  o x y g e n  c o n s u m p t io n  o f  t h e  t e r r e s t i a l  
a m p h ip o d  T a l i t u s  s y l v a t i c u s  (H a s w e l l ) .  B i o l .  B u l l ,  m a r , b i o l .  
Lab, Woods H o le , V o l.108 , p p .253-257.
C o u g h t r e y ,  P . J . ,  M.H. M a r t in ,  D. C h a rd  and  S.W. S h a l e s  (1980) M ic ro ­
o rg a n ism s  and m e ta l  r e t e n t i o n  in  th e  w ood louse  Q n isc u s  a s e l l u s .  
S i o l  B i o l .  B io c h e m ., V o l .1 2 ,  p p .2 3 -2 7 .
161
C r a i g ,  P.C . (1973a)  B e h a v io u r  a n d  d i s t r i b u t i o n  o f  t h e  s a n d  b e a c h  
amphipod Q r c h e s t i a  c o r n i c u l a t a .  Mar. B i o l . , V o l .23 , pp.101-109.
C r a i g ,  P .C . ( 1 9 7 3 b )  Q r i e n t a t i o n  o f  t h e  s a n d  b e a c h  a m p h i p o d  
Q r c h e s to id e a  c o r n i c u l a t a . Anim. b e h a v . ,V o l .2 1 ,  p p .6 6 9 - 7 0 6 .
C u a d ra s ,  J .  (1982) M i c r o t r i c h s  o f  amphipod C r u s ta c e a .  Morphology and  
d i s t r i b u t i o n .  Mar. Behav. P h y s i o l . ,  V ol.8 , pp .333-343.
C u r r y ,  A .,  R.F. G r a y s o n  and  T.D. M i l l i g a n  (1972) New B r i t i s h  r e c o r d s  
o f  t h e  s e m i - t e r r e s t r i a l  am phipod Q r c h e s t i a  cav im ana . F re s h w a te r  
b i o l . .  V o l . 2 ,  p p . 5 5 -5 6 .
D a h l ,  E. (1943) N â g o t  om d e  S v e n s k a  l a n d a m p h ip o d e n .  F a u n a  Qch. F l o r a  
U p p su la , pp78-83 .
D a h l ,  E. (1946) XXIX The A m p h ip o d a  o f  t h e  S ound  P t  1. T e r r e s t r i a l  
A m p h ip o d a .  L u n d s .  U n iv .  A r s s t s r .  n . f .  Avd. 2 . ,  V o l .4 2 ,  p p .1 - 5 3 .
D a h l ,  E. (1950) Cfti some t e r r e s t r i a l  am phipods  from  t h e  Canary I s l a n d s  
a n d  M a d e i r a .  A rk . Z o o l .  ( s e r  2) , V o l . l ,  p p . 1 9 5 - 1 9 8 ,
D a h l ,  E. (1964) An a m p h ip o d ,  Q r c h e s t o i d e a  b r i t o  ( S te b b in g )  new t o  
D en m ark .  V id e n s k .  Medd. D a n s k .  N a t u r .  F o r e a  Kbh. ,  V o l .1 2 6 ,  
p p . 3 51 -354 .
D a h l ,  E. (1967) Land amg±iipods from  t h e  A zo res  and  M ade ira .  Bolm. Mus. 
M u n ie .  F u n c h a l . ,  V o l . 21 , p p .8 - 2 3 .
D a h l ,  E. (1973) A n t e n n a l  s e n s o r y  h a i r s  i n  t a l i t r i d  a m p h ip o d s .  A c ta .  
Z o o l . ,  V o l .5 4 ,  p p .1 6 1 - 1 7 1 .
D a h l ,  E. (1977) The a m p h ip o d  f u n c t i o n a l  m o d e l  a n d  i t s  b e a r i n g  u p o n  
s y s t e m a t i c s  and phy logeny . Zool. S c r . , V o l.6 ,  pp .221-228.
Dana, J .D .  (1852) C o n s p e c tu s  C r u s t a c e o r u m  q u a e  i n  Q r b i s  T e r r a r u m  
c i r c u m n a v i g a t i o n e ,  C a ro lo  W ilk e s  e  C la s s e  R e p u b l ic a e  F o e d e ra ta e  
D u c e ,  l e x i t  e t  d e s c r i p s i t  J a c o b u s  D. D ana. P a r s  I I I .  P r o c .  Am. 
A cad .  A r t s  S c i . ,  V o l . 2 , p p . 2 0 1 - 2 2 0 .
David, R. (1936) Recherches sur la biologie et l'intersexualite de 
Talitrus saltator. Bull. Biol. Fr. Belg., Vol.7 0 ,  p p .3 3 2 - 3 5 7 .
D a v ie s ,  P.S. (1966) P h y s i o lo g i c a l  e c o lo g y  o f  P a t e l l a .  I .  The e f f e c t  o f  
b ody  s i z e  a n d  t e m p e r a t u r e  on  m e t a b o l i c  r a t e .  J .  M ar. B i o l .  A s s .  
U.K., V o l . 4 6 ,  p p .6 4 7 - 6 5 8 .
De G e u r n e ,  J .  (1888) R e m a rq u e s  a u  s u j e t  d e  l ' Q r c h e s t i a  c h e v r e u x i  e t  
d e  l ' a d a p t a t i o n  d e s  A m p h ip o d e s  a  l a  v i e  t e r r e s t r e .  B u l l .  S o c .  
Z o o l .  F r .  V o l . 13 , p p .5 9 - 6 6 .
De G eurne , J .  (1889) Les Amphipodes de  l ' i n t é r i e u r  e t  du  l i t t o r a l  d e s  
A q o r e s .  B u l l .  S o c .  Z o o l .  F r . ,  V o l . 1 4 ,  p p .3 5 3 - 3 6 0 .
D e l a g e ,  Y. (1881) C o n t r i b u t i o n s  a  l ' é t u d e  d e  l ' a p p a r e i l  c i r c u l a t c ^ i r e  
d e s  C r u s t a c é s  E d r i o p h t h a l m e s  m a r i n s .  A rc h .  Z o o l .  e xp . g é n . .  
V o l . 9 ,  p p .1 - 1 7 5 .
162
Den Ha r  t o g ,  C. (1963) The a m p h i p o d s  o f  t h e  D e l t a i c  r e g i o n  o f  t h e  
r i v e r s  R h ine ,  Meuse and S c h e l d t  i n  r e l a t i o n  t o  t h e  hydrography  o f  
t h e  a r e a .  P t  2. The T a l i t r i d a e .  N e th .  J .  S e a  R e s . ,  V o l . 2 , p p .4 0 -  
67.
D e s p o r t e s ,  I .  a n d  L. l o i m  ( 1 9 8 1 ) [ A f f i n i t i e s  o f  P a r a m y x a  p a r a d o s a  
( p a r a s i t e  o f  p o ly c h e te s )  w i t h  M a r t e d i i d a e  ( p a r a s i t e s  o f  o y s t e r  
an d  Q r c h e s t i a  g a m m a r e l l a ) . ]  C . r .  S e a n c e s  A cad .  S c i .  s e r  I I I ,  
V o l .292 , p p .6 2 7 - 6 3 2 .
De S y l v a ,  D.H. (1959) T a l i t r u s  ( T a l i t r o p s i s )  f e r n a n d o i  s p  n . ,  a  new 
a m p h ip o d  f ro m  C e y lo n .  C e y l o n  J .  S c i .  B i o l .  S c i . ,  V o l . 2 , p p .8 6 - 8 8 .
Dons, C. (1935) N o r g e s  s t r a n d f a u n a  V I I  A m p h ip o d e r  -  K o n g e l .  N o r s k e  
V i d e n s k .  S e l s k .  f o r h . ,V o l .7 ,  p p . 1 0 7 - 1 1 0 .
D o rg e lo ,  J .  (1974) C o m p a ra t iv e  e c o p h y s io lo g y  o f  Gammar i d s  from  m a r in e ,  
b r a c k i s h  a n d  f r e s h w a t e r  h a b i t a t s  e x p o s e d  t o  t h e  i n f l u e n c e  o f  
s a l i n i t y  -  t e m p e r a t u r e  c o m b i n a t i o n s .  I  E f f e c t s  on  s u r v i v a l .  
H y d ro b io l .  B u l l .  (Am sterdam ), V o l .9 ,  pp .90-108.
D o r g e l o ,  J .  (1977) C o m p a r a t i v e  e c o p h y s i o l o g y  o f  tw o  i n t e r t i d a l  
g a m m a r i d s  a n d  t h e  p r o b l e m  o f  z o n a t i o n .  C r u s t a c e a n a  s u p p l .  4 ,  
p p . 6 4 -8 0 .
D o rs m a n ,  B.A. (1935) N o te s  on  t h e  l i f e  h i s t o r y  o f  Q r c h e s t i a  b o t t a e . 
M ilne  Edw ards I n a u g a r a l  D i s s e r t a t i o n ,  L e iden . 58fç).
D r e s e l ,  E .I .B .  & V. M oyle  (1950) N i t r o g e n o u s  e x c r e t i o n  i n  a m p h ip o d s  
a nd  i s o p o d s .  J .  e x p .  B i o l . ,V o l . 2 7 ,  p p .2 1 0 - 2 2 5 .
D r z y c i m s k i  I .  & G. N a w o d z in s k a  (1965) The b e a c h  A m ph ipoda  o f  t h e  
B a l t i c  Sea  P o l i s h  s h o re s .  P r z e y l .  Z oo l . , V o l .9 ,  pp.267-273.
D u a r t e ,  W.E. (1974) Q r c h e s t o i d e s  t u b e r c u l a t a  N i c o l e t , 1 8 4 0  a s  a n  
o r g a n i s m  w h i c h  d i s i n t e g r a t e s  a l g a e  ( C r u s t a c e a :  A m p h ip o d a :
T a l i t r i d a e ) .  Mus, n a c .  H i s t ,  n a t .  N o t ,  m en s .  ( S a n t i a g o ) , V o l . 1 9 ,  
p p . 3 - 9 .
D u d ic h ,  E. (1927) N eue K r e b s t i e r e  i n  d e r  F a u n a  U n g a r n s .  A rc h .  B a l a t o n  
B u d ap es t ,  V o l . l ,  p p .3 4 3 - 3 8 7 .
D u n c a n ,  F.M. (1910) A n im a l s  o f  t h e  s e a . L ondon . T.C. a n d  E.C. J a c k  
L td .  2 9 2 p p .
D u n c a n ,  K.W. (1968) A d e s c r i p t i o n  o f  a  new s p e c i e s  o f  t e r r e s t r i a l  
a m p h ip o d  ( T a l i t r i d a e )  f r o m  New Z e a la n d .  T r a n s .  Roy. S oc . N.Z. 
Z o o l . ,  V o l . 1 0 ,  p p .2 0 5 - 2 1 0 .
Duncan, K.W. (1969) "Hie ec o lo g y  o f  tw o s p e c i e s  o f  t e r r e s t r i a l  amphipod 
l i v i n g  i n  w a s te  g r a s s l a n d .  P e d o b io lo g ia . , V o l .9 ,  pp .323-341.
D u n c a n ,  K.W. (1981) The e f f e c t  o f  Q r c h e s t i a  h u r l e y i  (A m phipoda: 
T a l i t r i d a e )  o f  a  w h i t e y  d i s e a s e  c a u s e d  by  B a c i l l u s  s u b t i l i s . 
N .Z .J .  Z o o l . ,  V o l .8 ,  p p . 5 1 7 - 5 2 8 .
163
D u n c a n ,  K.W. ( 1 9 8 5 a )  C u t i c u l a r  m i c r o s t r u c t u r e s  o f  t e r r e s t r i a l  
A m p h ip o d a  ( C r u s t a c e a ,  f a m i l y  T a l i t r i d a e ) .  Z o o l .  Anz. J e n a ,  
V o l .2 1 5 ,  p p .1 4 0 -1 4 6 .  *
Duncan, K.W. (1985b) A c r i t i q u e  o f  t h e  c o n c e p t  o f  g e n e t i c  a s s i m i l a t i o n  
a s  a  m e c h a n is m  i n  t h e  e v o l u t i o n  o f  t h e  t e r r e s t r i a l  t a l i t r i d s  
(A m p h ip o d a ) .  Can. J .  Z o o l . ,  V o l . 6 3 ,  p p .2 2 3 0 - 2 2 3 2 .
B a le s ,  N.B. (1961) The l i t t o r a l  f a u n a  o f  t h e  B r i t i s h  I s l e s .  A handbook 
f o r  c o l l e c t o r s .  Cam bridge 306pp.
Edney, E.B. (1960) Terrestrial adaptations. In, The Physiology of the 
Crustacea, vol 1 , pp 3 6 7 - 3 9 3 .  Edited by T.H. Waterman. Academic 
Press, New York and London.
Edney, E.B. (1968) T r a n s i t i o n  f ro m  w a te r  t o  la n d  i n  iso p o d  C r u s ta c e a .  
Am. Z o o l . ,  V o l .8 ,  p p . 3 0 9 - 3 2 6 .
E d n e y ,  E.B. (1977) The w a t e r  b a l a n c e  i n  l a n d  a r t h r o p o d s . S p r i n g e r -  
V e r la g ,  New York. 282pp.
E d w a r d s ,  G.A. and  L. I r v i n g  (1943) The  i n f l u e n c e  o f  s e a s o n  an d  
t e m p e r a t u r e  upon  t h e  o x y g e n  c o n s u m p t i o n  o f  t h e  b e a c h  f l e a  
T a l o r c h e s t i a  m e g a l o p t h a l m a .  J .  C e l l .  Comp. P h y s i o l . ,  V o l . 21 ,  
p p . 183-189 .
E l l i o t ,  P . ,  P.Ë. King and M.R. F o rd y  (1983) O b s e rv a t io n  on S t a p h y l i n id  
b e e t l e s  l i v i n g  on r o c k y  s h o r e s .  J .  N a t .  H i s t . ,  V o l .1 7 ,  p p .5 7 5 -  
581.
E n r i g h t ,  J .T .  (1961) L una r  o r i e n t a t i o n  o f  O r c h e s t o i d e a  c o r n i c u l a t a  
S t o u t  (A m phipoda) .  B i o l .  B u l l ,  m a r ,  b i o l .  L ab , Woods H o l e , 
V o l . 1 2 0 ,  p p .1 4 8 -1 5 6 .
E n r i g h t ,  J .T . (1972) When th e  b e a ch  hopper  lo o k s  a t  t h e  moon: t h e  moon 
c o m p a s s  h y p o t h e s i s  r e v i s i t e d .  I n  A n i m a l  O r i e n t a t i o n  a n d  
N a v i g a t i o n , pp.523-555.
Enright, J .T . (1978) Migrations and homings of marine invertebrates; A 
potpourri of strategies. In Animal migration, navigation and 
homing, ed. by K.Schmidt-Koenig and W. Keeton, pp.4 4 0 - 4 4 6 ,  
Springe-Verlag, Berlin and New York.
E r c o l i n i ,  A. (1964) R ic e rc h e  s u l l ' o r i e n t a m e n t o  a s tro m o m ic o  d i  a n t i p o d i  
l i t o r a l i  d e l l a  zona e q u a t o r i a l e .  1. L 'o r ie n ta m e n to  s o l a r e  i n  una 
p o p o l a z i o n e  s o m a l a  d i  T a l o r c h e s t i a  m a r t e n s i i  W eber. Z. V e r g l .  
P h y s i o l . , V o l .4 9 ,  p p .1 3 8 - 1 7 1 .
E r c o l i n i ,  A ., L. P a r d i  an d  F. S c a p i n i  (1983) An o p t i c a l  d i r e c t i o n a l  
f a c t o r  i n  t h e  sk y  m i g h t  i m p r o v e  t h e  d i r e c t i o n  f i n d i n g  o f  
s a n d h o p p e r s  on  t h e  s e a  s h o r e .  M o n i t .  Z o o l .  I t a l .  (N .S .) , V o l .1 7 ,  
p p . 313-327 .
E s h k i ,  AJL (1985) A s p e c ts  o f  t h e  e c o lo g y ,  b e h a v io u r  and p h y s io lo g y  o f  
t h e  g h o s t  c r a b ,  O c y p o d e  s a r a t a n  ( F o r s k a l ) .  Ph .D . t h e s i s .  
U n i v e r s i t y  o f  Glasgow. 250pp.
164
F e a r n - W a n n n a h ,  H .J . (1968) L i t t o r a l  A m p h ip o d a  o f  V i c t o r i a ,  P a r t  1. 
P r o c .  R. S o c .  V i e t . ,  V o l . 8 1 ,  p p .3 1 - 5 8 .
F e l g e n h a u e r ,  B.E. (1979) A n o t e  on  t h e  s c a n n i n g  e l e c t r o n  m i c r o s c o p y  
a n d  h o s t s  o f  t h e  w i d e s p r e a d  p e r i t r i c h  c i l i a t e  L a g e n o p h r y s  
l a b i a t a . T r a n s .  Am. M ic r .  S o c . ,  V o l . 9 8 ,  p p . 5 9 1 - 5 9 5 .
F e n c h e l ,  T.M. and S. Kolding (1979) H a b i t a t  s e l e c t i o n  and d i s t r i b u t i o n  
p a t t e r n s  o f  f i v e  s p e c i e s  o f  t h e  amphipod g e n u s  Gammarus. O ik o s ,  
V o l .3 3 ,  p p .3 1 6 - 3 2 2 .
F incham , AJL (1977) I n t e r t i d a l  s a n d - d w e l l i n g  p e r a c a r i d  fa u n a  o f  t h e  
N o r t h e r n  I s l a n d ,  New Z e a l a n d .  N .Z .J .  M ar, F r e s h w a t .  R e s . ,  V o l . 1 1 ,  
p p .6 7 7 -6 9 6 .
F r i e d l a n d e r ,  C.P. (1963) T h i g m o k i n e s i s  i n  w o o d l i c e .  Anim. B e h a v . ,  
V o l .1 2 ,  p p .1 6 4 - 1 7 4 .
F r i e n d ,  J .A .  (1 9 7 9 )  Two new  t e r r e s t r i a l  s p e c i e s  o f  T a l i t r u s  
(A m phipoda; T a l i t r i d a e )  f r o m  T a s m a n i a ,  A u s t r a l i a .  P a p .  P r o c .  R. 
Soc. T a sm a n ia , Vol.113, p p .85 -98 .
F r i e n d ,  J .A . (1980) The t a x o n o m y ,  z o o g e o g r a p h y  and  a s p e c t s  o f  t h e  
e c o l o g y  o f  t h e  t e r r e s t r i a l  a m p h ip o d s  (A m p h ip o d a ;T a l i t r id a e )  o f  
T asm an ia . PhJD T h e s is .  Dept. Zool. Univ. o f  T asm an ia ,  H o b a r t ,  350
p p .
F r i e n d ,  J.A. (1982) New t e r r e s t r i a l  am phipods from  A u s t r a l i a n  f o r e s t s .  
A u s t .  J .  Z o o l . , V o l .3 0 ,  p p . 4 6 1 - 4 9 1 .
F r i e n d ,  J.A. and A.M.M. R ic h a rd so n  (1977) A p r e l i m i n a r y  s tu d y  o f  n i c h e  
p a r t i t i o n  i n  two t a s m a n ia n  t e r r e s t r i a l  amphipod s p e c i e s  i n  s o i l  
o r g a n i s m s  a s  c o n p o n e n t  o f  E c o s y s t e m .  P r o c e e d i n g s  o f  t h e  s i x t h  
i n t e r n a t i o n a l  S o i l  Z o o lo g y  C o l l o q i u m ,  e d i t e d  by U. L o t im  an d  T. 
P e r s s o n ,  E co l .  B u l l .  (S to c k h o lm ) , V ol.25 , pp .24-35 .
F r i e n d ,  J .A . a n d  A.M.M. R i c h a r d s o n  (1986) B i o l o g y  o f  t e r r e s t r i a l  
a m p h ip o d s .  Ann. Rev. E n t o m o l . ,  V o l . 3 1 ,  p p .2 5 - 4 8 .
F r y e r ,  G. (1950) A Y o r k s h i r e  r e c o r d  o f  t h e  A m phipod  Q r c h e s t i a  b o t t a e  
(M -  Edw.) N a t .  H u l l , V o l . 8 3 5 ,  p . l 4 8 .
F r y e r ,  G. (1951) N o te s  on Q r c h e s t i a  b o t t a e  an d  o t h e r  n o n - m a r i n e  
Amphipoda. N at.  H u l l , V o l .838 , pp .105-107.
Fyhn , H .J . ,  J .A . P e t e r s o n  and  K. J o h a n s e n  (1972) E c o - p h y s i o l o g i c a l  
s t u d i e s  o f  a n  i n t e r t i d a l  c r u s t a c e a n ,  P o l l i c i p e s  p o l y m e r u s  
( C i r r i p e d i a ,  L e p a d o m o rp h a )  1 . T o l e r a n c e  t o  body  t e m p e r a t u r e  
c h a n g e ,  d e s i c c a t i o n  a n d  o s m o t i c  s t r e s s .  J .  e x p .  B i o l . ,  V o l .5 7 ,  
p p . 83-102
G a u l d ,  D .T., T.B. B a g e n a l  a n d  J .H .  C o n n e l l  (1953) The  m a r i n e  f a u n a  a n d  
f l o r a  o f  S t .  K i l d a ,  19 5 2 .  S c o t .  N a t . ,  V o l . 6 5 ,  p p .2 9 - 4 9 .
G e p p e t t i ,  L. a n d  P. T o n g i o r g i  (1967) N o c t u r n a l  m i g r a t i o n s  o f  T a l i t u s  
s a l t a t o r .  M o n ito rs  Zool. I t a l . ,  V o l . l ,  pp .37-40 .
165
G h i r e t t i - M a g a l d i ,  A., C. M i l a n e s i  and B. S a l v a t o  (1973) I d e n t i f i c a t i o n  
o f  haem ocyan in  i n  t h e  c y a n o c y te s  o f  C a rc in u s  m aenas . E x p e r i e n t i a ,  
V o l . 29 , p .1 2 7 5 .
G i a r d ,  A. (1889) S u r  1' i n f e c t i o n  p h o s p h o r e s c e n t e  d e s  T a l i t r e s  e t  
a u t r e s  C r u s t a c é s . Ann. Mag. N a t .  H i s t ,  ( s e r  6) V o l .4 ,  p p .4 7 6 - 4 7 8 .
G i a r d ,  A. a n d  A. B i l l e t  ( 1 8 8 9 )  O b s e r v a t i o n s  s u r  l a  m a l a d i e  
p h o s p h o r e s c e n t e  d e s  t a l i t r e s  e t  a u t r e s  c r u s t a c é s .  C. r .  h e b d .  
S e a n c e s  e t  Mem. S o c ,  d e  B i o l .  P a r i s  (S e r  9 ) ,  V o l . l ,  p p .5 9 3 - 5 9 7 .
G ibb , J .  (1955) F ood , f e e d i n g  h a b i t s  a n d  t e r r i t o r y  o f  t h e  r o c k  p i p i t  
A nthus s p i n o l e t t a .  I b i s , V o l .98 , pp.506-530.
G i l l e s ,  R. (1977) E f f e c t s  o f  o s m o t i c  s t r e s s e s  on  t h e  p r o t e i n  
c o n c e n t r a t i o n  a n d  p a t t e r n  o f  E n o c h e i r  s i n e n s i s  b l o o d .  Comp. 
B io c h .  P h y s i o l . ,  V o l .5 6 A , p p . 1 0 9 - 1 1 4 .
G i l l e s ,  R. (1978) I n t r a c e l l u l a r  f r e e  a m in o  a c i d s  a n d  c e l l  v o lu m e  
r e g u l a t i o n  d u r in g  o s m o t i c  s t r e s s e s .  A l f r e d  Benzon Symp., Vol. 11, 
p p . 470-491.
G i l l e s ,  R. (Ed.) (1979) M e c h a n i s m s  o f  o s m o r e g u l a t i o n  i n  a n i m a l s ;  
M a in t e n a n c e  o f  c e l l  v o lu m e .  J o h n  W i le y  and  S o n s ,  C h i c h e s t e r .  
667pp.
G i l l e s ,  R. and A. Pequeux (1983) I n t e r a c t i o n s  o f  c h e m ic a l  and o s m o t ic  
r e g u l a t i o n  w i t h  t h e  e n v i ro n m e n t .  I n ,  The b io lo g y  o f  t h e  C r u s ta c e a  
(D .E. B l i s s ,  E d . ) ,  V o l .  8 E n v i r o n m e n t a l  a d a p t a t i o n s  ( F . J .  
V e r n b e r g  an d  W.B. V e r n b e r g ,  E d s . ) , New Y o rk ,  A c a d e m ic  P r e s s ,  
p p . 109-177 .
G i l t a y ,  L. (1927) N o te  s u r  d e u x  A m p h ip o d e s  n o u v e u x  p o u r  l a  B e l g i q u e .  
Ann. S o c .  R. Z o o l .  B e l g .  B r u x e l l e s , V o l . 58 , p p .4 7 - 5 5 .
G in s b u rg e r -V o g e l ,  T. and H. C h a rn ia u x -C o t to n  (1982) Sex d e t e r m i n a t i o n .  
I n ,  The b i o l o g y  o f  t h e  C r u s t a c e a  (D.E. B l i s s ,  E d . ) ,  V o l .  2 
E m b ry o lo g y ,  m o r p h o lo g y  a n d  g e n e t i c s  (L.G. Abe l e ,  E d . ) , A c a d e m ic  
P r e s s ,  New York, pp .257-281 .
G o n d k o ,  R .,  Z. H e i s z e r  an d  E. S a r a f i n  (1984) P r o t e i n  a n d  c a t i o n  
c o n t e n t  o f  t h e  h a e m o ly m p h  o f  som e O n i s c o i d e a .  Comp. B io c h e m .  
P h y s i o l .  V o l .78A , pp .367-369 .
G o o d h a r t ,  C.B. (1941) "Hie e c o lo g y  o f  t h e  Amphipoda i n  a  s m a l l  e s t u a r y  
i n  H a m p s h i r e .  J .  A nim . E c o l . ,  V o l . 1 0 ,  p p .3 0 6 - 3 2 2 .
G o o d w in ,  T.W. (1960) B i o c h e m i s t r y  o f  p i g m e n t s .  I n  The  P h y s i o l o g y  o f  
t h e  C r u s t a c e a .  Ed. by  H.P. W olvekam p a n d  T.H. W a te rm a n .  p p l O l -  
140.
Gordon, I .  (1944) An am phipod, Q r c h e s t i a  b o t t a e , new t o  B r i t a i n  -  P ro c .  
L i n n .  S o c .  L o n d . , V o l . 1 5 5 ,  p .7 0 .
G r a f ,  F. (1965) E tude  c o m p a r a t iv e  de  l a  v a r i a t i o n  due c a lc iu m  t o t a l  au  
c o u r s  du c y c le  d ' i n t e r m u e  chez  l e s  C r u s ta c é s  Amphipodes N ip h a rg u s  
v a r e i , G. p u l e x  p u l e x  e t  Q r c h e s t i a  g a m m a r e l l u s . ( P a l l a s )  C .r .  
h e b d .  S e a n c  A cad . S c i .  P a r i s ,  V o l . 261 (D), p p .8 1 9 - 8 2 1 .
166
G r a f ,  F. (1966) P r e u v e  e x p é r i m e n t a l e  d e  l a  s e c r e t i o n  d e  c o n c r é t i o n s  
c a l c a i r e s  e t  d e  l e u r  d i s s o l u t i o n  p a r  l e s  c a e c u m s  p o s t é r i e u r s  
d ' O r c h e s t i a  ( C r u s t a c é ;  A m p h ip o d e ) .  H y p o th è s e  d e  r é a b s o r p t i o n .  
C . r .  h e b d .  S e a n c  A cad . S c i .  P a r i s , V o l . 263 (D), p p .1 7 3 - 1 7 6 .
G r a f ,  F. (1967) P e a b s o r p t i o n  i n t e n s i v e  p a r  l ' é p i t h é l i u m  c a e c a l  d u  
c a lc iu m  s to c k é  dans  l e s  caecum s p o s t e r i o r s  d 'O r c h e s t i a  ( C ru s ta c é :  
A m p h i p o d e ) .  C . r .  h e b d  S e a n c  A c a d .  S c i .  P a r i s ,  V o l . 2 6 4  ( D ) , 
p p . 2211-2213.
G r a f ,  F. (1971) D ynam ique  du  c a l c i u m  d a n s  l ' e p i t h e l i u m  d e s  c a e c u m  
p o s t é r i e u r s  d 'O r c h e s t i a  c a v i m a n a  H e l l e r  ( C r u s t a c é ;  A m p h ip o d e ) .  
R o le  d e  l ' e s p a c e  i n t e r c e l l u l a i r e .  C . r .  h e b d .  S e a n c  A cad . S c i .  
P a r i s , V ol.273(D ), p p .1 8 2 8 - 1 8 3 1 .
G r a f ,  F . (1972) A c t i o n  d ' e c d y s t e r o n e  s u r  l a  m ue, l a  c u t i c l e  e t  l a  
m é ta b o l is m e  de  c a lc iu m  c h e z  Q r c h e s t i a  cav im ana  H e l l e r  (C ru s ta c é ;  
A m p h ip o d e ) .  C .r .  h e b d .  S e a n c  A cad . S c i .  P a r i s .  V o l . 274 (D), 
p p . 1731-1734.
G r a f ,  F. (1974) P r e s e n c e  d e  r a c i r e s  c e n t r o i l a i r e s  d a n s  l ' e p i t h e l i u m  
d e s  c a e c u m s  p o s t é r i e u r  d ' O r c h e s t i a . C . r .  h e b d .  S e a n c  A cad . S c i .  
P a r i s , V o l . 278 (D ) , pp .2939-2942 .
G r a f ,  F .  a n d  A. M a g n i e z  ( 1 9 6 9 )  S u r f a c e s  r e s p i r a t o i r e s ,  a i r e s  
c u t i c u l a i r e s  p e r m é a b l e s  a u x  s e l s  ( n i t r a t e  d ' a r g e n t  e t  l e u c o -  
d é r i v é s )  e t  r é g i o n s  s q u e l e t t i q u e s  non c a l i f i é e s  c h e z  q u e l q u e s  
C r u s t a c é s  A m p h ip o d e s .  C . r .  h e b d .  s e a n c .  A cad . S c i .  P a r i s . ,  
V ol.268(D ), p p .3 1 9 1 - 3 1 9 4 .
G ra h a m ,  R.A., C.P. w angum , R.C. T e r w i l l i g e r ,  an d  N.B. T e r w i l l i g e r  
(1 9 8 3 )  T h e  e f f e c t  o f  o r g a n i c  a c i d s  o n  o x y g e n  b i n d i n g  o f  
h a e m o c y a n in  f ro m  t h e  c r a b  C a n c e r  m a g i s t e r . Comp. B io c h e m . 
P h y s i o l . ,  V01.74A, p p .4 5 - 5 0
G ra y ,  I .E .  (1957) A c o m p a r a t i v e  s t u d y  o f  g i l l  a r e a  o f  c r a b s ,  B i o l .  
B u l l ,  m ar ,  b i o l .  L a b . ,  W oods H o l e , V o l . 1 1 2 ,  p p .3 4 - 4 2 .
G reenaw ay P. (1984) The r e l a t i v e  im p o r ta n c e  o f  g i l l s  and lu n g s  i n  t h e  
g a s  exchange o f  a m p h ib io u s  c r a b s  o f  t h e  genus  H o l th u is a n a .  A u s t .  
J .  Z o o l . ,  V o l .32 , p p . 1 - 6 .
G r i f f i t h s ,  C .J .  and  J .  S t e n t o n - D o z e y  (1981) The f a u n a  an d  r a t e  o f  
d e g r a d a t i o n  o f  s t r a n d e d  k e l p .  E s t .  C o a s t a l  a n d  S h e l f  S c i . ,  
V o l .1 2 ,  p p .6 4 5 -6 5 3 .
G r u b e ,  E. (1866) B e i t r a g e  z u r  k e n n t n i s s  d e r  i s t r u s c h e n  A m p h ip o d en  -  
Fauna. A rc h iv  f u r  N a t u r g e s c h ic h t e  1866 pp.377.
Gutm an, I .  and A.W. W a h lfe ld  (1974) L - (+ ) -  L a c t a t e  d e t e r m i n a t i o n  w i t h  
l a c t a t e  d e hyd rogenase  and NAD. In ;  Methods in  E nzym atic  A n a l y s i s . 
(2nd  E d i t i o n ) ,  Ed. B e r g m e y e r ,  H.U. A c a d e m ic  P r e s s ,  New Y o rk ,  p p .  
1464-1468.
Hagerman, L and M. Qksama (1985) Haemocyanin c o n c e n t r a t i o n ,  c a r r y i n g  
c a p a c i t y  and haemolymph pH u n d e r  h ypox ia  i n  M e s id o th ea  en tom on 
(L.) ( I s o p o d a ,  C r u s t a c e a ) .  Q p h e l i a , V o l . 2 4 ,  p p .4 7 - 5 2 .
167
Hagerman, L, and RÆ. Weber (1981) R e s p i r a t o r y  r a t e ,  hemolymph oxygen 
t e n s i o n  a n d  h e m o c y a n in  l e v e l  i n  t h e  s h r i m p  P a l a e m o n  a d s p e r s u s  
R a t h k e .  J .  e x p .  m a r .  B i o l .  E c o l . ,  V o l .5 4 ,  p p .1 3 - 2 0 .
H a le ro w , K. and  C.M. Boyd (1967) The oxygen c o n s u m p t io n  and swimming 
a c t i v i t y  o f  t h e  a m p h ip o d  G am m arus o c e a n i c u s  a t  d i f f e r e n t  
t e m p e r a t u r e s .  Comp. B ioch . P h y s io l . ,  V o l.23 , pp .233-242.
H a m i l t o n ,  R . J . ,  M.Y. R a l e ,  I .  W e a t h e r s t o n ,  C .J .  B r o o k s  an d  J.H . 
B o r t h w i c k  (1 9 7 5 )  C r u s t a c e a n  s u r f a c e  w a x e s .  P a r t  1 T he  
h y d r o c a r b o n s  f r o m  t h e  s u r f a c e  o f  L i g i a  o c e a n i c a . J .  Chem. 
S o c . ,P e r  k in s  T r a n s , I .  p p .3 5 4 - 3 5 7 .
H a r t n o l l ,  R.G. (1964) R e d u c t i o n  i n  t h e  g i l l  n u m b er  i n  s p i d e r  c r a b s .  
C r u s ta c e a n a , V o l .7 ,  p p .1 4 5 - 1 4 8 .
H a r t n o l l ,  R.G. (1982) G r o w th .  I n  The b i o l o g y  o f  t h e  C r u s t a c e a  (D.E. 
B l i s s ,  E d . ) ,  V o l  2 ,  E m b r y o lo g y ,  m o r p h o lo g y  a n d  g e n e t i c s  (L.G. 
A b e le ,  Ed.) , Academ ic P r e s s ,  New York, pp .111-196.
H a r t w i c h ,  R.F. (1976) B e a c h  o r i e n t a t i o n  i n  t a l i t r i d  a m p h ip o d s :  
C a p a c i t i e s  a n d  s t r a t e g i e s .  B ehav . E c o l .  S o c i o b i o l . ,  V o l . l ,  
p p . 447-458 .
H a s w e l l ,  WJL (1880) On t h e  new amphipoda from  A u s t r a l i a  and Tasm ania. 
P. L in n .  S o c .  N.S.W. , V o l . 5 , p p .9 7 - 1 0 5 .
H a s w e l l ,  W.A. (1882) C a t a l o g u e  o f  t h e  A u s t r a l i a n  S t a l k  a n d  S e s s i l e ­
eyed  C r u s ta c e a .  Sydney: pp .1-323.
H a s w e l l ,  W.A. (1885) N o tes  on th e  A u s t r a l i a n  Amphipoda. P. L inn. Soc. 
N.S.W. ,  V o l . lO ,  p p .9 5 - 1 1 2 .
H e i m l i c h ,  C.S. (1930) N o t e s  on  a  t e r r e s t r i a l  a m p h ip o d  o f  t h e  g e n u s  
T a l i t r u s  fo u n d  i n  O h io  an d  new t o  t h e  U n i t e d  S t a t e s .  P r o c .  O h io .  
A cad . S c i . , V o l . 8 , p p .3 8 5 - 3 8 6 .
H e l l e r ,  C. (1865) K l e i n e  B e i t r a g e  z u r  K e n n t n i s s  d e r  s u s w a s s e r  
A m p h ip o d en .  V e r h .  Z o o l .  - b o t .  G e s . ,  W ien . V o l . 1 5 ,  p p .9 7 9 - 9 8 4 .
H e r r e i d  I I ,  C.F. (1980) H y p o x ia  i n  i n v e r t e b r a t e s .  Comp. B iochem . 
P h y s i o l . ,  V01.67A, p p .3 1 1 - 3 2 0 .
H e r rn k in d ,  W.F. (1983) Movement p a t t e r n s  and o r i e n t a t i o n .  I n ,  B io logy  
o f  t h e  C r u s t a c e a  (D.E. B l i s s ,  E d . ) ,  V o l .  7 B e h a v i o u r  an d  e c o l o g y  
(F .J .  V e r n b e r g  a n d  W.B. V e r n b e r g ,  E d s . ) , New Y o rk ,  A c a d e m ic  
P r e s s ,  p p .4 1 - 1 0 6 .
H o g b e n ,  L .T .  (1 9 2 6 )  S om e  o b s e r v a t i o n s  o n  t h e  d i s s o c i a t i o n  o f  
h a e m o c y a n in  by  t h e  c o l o r i m e t r i c  m e th o d .  B r i t .  J .  e x p .  B i o l . ,  
V o l .3 ,  p p .2 2 5 - 2 3 8 .
H o lm e s ,  S . J .  (1903) D e a t h  f e i g n i n g  i n  t e r r e s t i a l  a m p h ip o d s .  B i o l .  
B u l l ,  m a r ,  b i o l .  L a b . ,  Woods H o l e , V o l .4 ,  p p .1 9 1 - 1 9 6 .
H o lm e s ,  S . J .  (1904) The  A m p h ip o d a  o f  S o u t h e r n  New E n g la n d .  B u l l ,  
b e a u re u  F i s h e r i e s ,  V o l . 2 4 ,  p p . 4 5 7 -5 2 9 .
168
Holmquist, J.G. (1982) The functional morphology or ynathopous. 
Importance in grooming ana variation witii regara to naoitat in 
Talitroiaean ampfiipoos. Crust, oioi.. Vol.2, pp.i59-179.
holmquist, J.G. (1965) The grooming benavior of the terrestrial 
ampnipod Talitroiaes alluauci. J. Crust. Biol., Vol.5, pp.334- 
34u.
Houlihan, D.F. (1979) Respiration in air ana water or tnree mangrove 
snails. J. exp. mar. Biol. Ecol., Vol.41, pp.143-161.
Houlihan, D.F. ana A.J. Innes (1962) respiration in air ana water ot 
three mangrove snails. J. exp. mar. Biol, ficol., Vol.57, pp.35- 
54.
Houlihan, D.F. ana A.J. Innes (1964) Tne cost of waixing in craos: 
aerial ana aguatic oxygen consumption curing activity of three 
species or intertiaal crao. Comp. Biocnem. Pnysiol., Vol.77A, 
pp.325—334.
Howell, B.J., h. Kann, D, Goocireiiow ana C. Herreia (1973) Acia-base 
regulation ana temperature in selected invertebrates as a 
function of temperature. Am. Zool. Vol.13, pp.557-563.
Hunt, Ü.D. (1925) On tne ampnipoa genus Talitrus with a aescr iption of 
a new species rroui aciliy isies T. oorrieni. J. nar. Biol, ass. 
C.r., Vol.15, pt^.oo4—oo9.
nurley, u.n. (1553) ^Dtuaies on tne new aewiana ampni^oaan rauna no o 
Terrestrial ampnipoas of tne genus Talitrus. sat. eaciric. 
bci. , Vol. 9, pp.l44-l57.
Hurley, D.E. (1956) B t u a i e s  on t n e  n ew  Zealano ampnipoaan Fauna no 13 
- sananoppers of tne genus Taiorcnestia. Trans. Roy, soc. n.Z., 
Vol.64, pp.539-369.
Hurley, D.F. (1957) Terrestrial ana littoral ampnipoas of tne genus 
Qrchestia, ramily Talitriaae. Trans. Roy. Soc. N.Z., Vol.65, 
pp.149-199.
Hurley, UB. (1959) Notes on tne ecology and environmental adaptations 
of tne terrestrial Amphipooa. Pac. Sci., Vol.i3, pp.lu7-129.
Hurley, D.h. (1966) Transition from water to land in ampnipoa 
crustaceans. Am. zool., Vol.6, pp.327-353.
Hurley, D.B. (1975) a  possible subdivision of tne terrestial genus 
Talitrus (Crustacea-Ampnipoaa: ramily Talitriaae). N.Z. 
oceanographic Inst, records, Vol.2, pp.l57-17u.
Hynes, H.B.N., T.T. iiacan ana W.D. Williams (1960) A key to the 
British species of Crustacea. Malacostraca occurring in 
fresnwater. Sci. Publ. freshw. bioi. asssoc.. No. 19, pp.l-3b.
Ingle, R.W. (1958) new record of the aniphipoa Talitrus (Talitroiaes) 
sylvaticus (Haswell). Ann. Mag, nat. Hist. Ser., Vol.13, pp.59l- 
592.
169
Ingolfsson A. (1974) Ny fjorumarflo Qrchestia gammarella (Pallas) 
fundin a Islandi. Natturu fraedingurinn, Vol.43, pp.170-174.
Ingolfsson, A. (1977) DistriDution ana habitat preferences of some 
intertiaal amphipods in Iceland. Acta. Naturalia Islandica, 
vol.25, pp.1-27.
Innes, A.J., I.D. Marseen ana P.P.s. Wong (1964) Bimoaal respiration 
of intertiaal pulraonates. Comp. Bioch. Pnysiol., Vol.77A, pp.441- 
445.
Ivlev, V.B. & L.M. Buscnenya (19bl) (Intensity of aquatic ana 
atmospheric respiration in some marine Crustaceans.) Zool. Zh., 
Voi.4U, pp.1345-1353.
Iwasa, M. (1939) Japanese Talitriaae. J. Fac, Sci. Hokkaido Univ. 
Zool., Vol.6, pp.255-296.
Jancke, U. (192b) Zwei intéressante Gammarlaen. Zool. Anz. Leipzig, 
Vol.66, pp.296-301.
Jeuniaux, Ch., S. bricteux-Gregoire et M. Florkin (1961) Contribution 
aes aciaes amines libres a la regulation osmotique 
intracellulaire cnez ceux Crustacés euryhalins, Leanaer serratus 
F. et Leanaer sguilla L. Can. Biol. Mar., Vol.2, pp.373-360.
J o h n s t o n ,  B.a . a n a  D.J. B e c k e r  ( l 9 6 l )  u a c t i c  a c i a  a s  an  a l l o s t e r i c  
m o a i f i e r  o f  t n e  o x y g e n  a f t i n i t y  o r  b l u e  c r a b  h a e m o c y a n in .Am. 
Z o o l .  V o i .2 u ,  p . 951 .
Jokumsen, A., R.M.G. Wells, h .d . Filer con ana R.F.Weoer (l96i) 
Hemocyanin of tne giant Antartic isopoa Glyptonotus antarticus; 
structure ana efrects of temperature ana pH on it's oxygen 
affinity. Comp, biocnem. Pnysiol., Vo1.70a , pp.91-95.
Jokumsen, a . & Ru:j. Weoer (1962) Hemocyanin-oxygen affinity in hermit 
crab blooa is temiperature indepenaant. J. exp. Zool., Vol.221, 
pp.569-394
Jones, H.D. (1972) Comparative Physiology of Respiration. Fdwara 
Arnold 2û2pp.
Kaestner, a .  (l97u) Invertebrate Zoology Vol III Crustacea. Chichester 
Interscience Publishers. 533pp.
Karaman, G. (1970) Beitray Kenntris oe Ampnipoa en - Genus Orcnestia 
(Talitriaae) in Aariahsctem Meer. Glas. Repub. Zolvoaa Zast. 
Prir. Mus. Titogradu., Vol.3, pp.5-3b.
Karaman, G.S. (1965) New finding of Qrchestia cavimana in tne Balkans. 
Arch. Biol. Nauka., Vol.17, pp.27-26.
Karlbrink, F. (1969) Distribution and dispersal of Talitridae in 
Southern Sweden, Oikos, 20, 327-334.
Kasymov, A.G. (1976) (The biology of Pontogammarus maeoticus 
(Ampnipoaa; Gammarlaae) in the Caspian sea], Zool. Zh., Vol.55, 
pp.456-460.
170
King, L.A.L. (19i3) Short note. Ann. Rep. Mar. Bioi. Ass. W. Scotland, 
pp.103-104.
Kinzelbacn, R. (l9o5) Bin stranafloh, Qrchestia cavimana Heller - am 
obereaeus. Beitr. naturk. torscn. Suawoh., Vol.24, pp.153-157.
Kinzelbach, R. (1972) Zur Verbreitung aes suszwasserstanailotis, 
Qrchestia cavimana Heller, I6b5 (Crustacea, Ampnipoda, 
Talitriaae). bonner Zool. belt., Vol.23, pp.267-282.
Kitron, U.D. (1960) The pattern of infestation of tne beacnhopper 
ampnipoa Qrcnestoiaea corniculata by a parasitic mite. 
Parasit., Vol.61 (2), pp.235-2bO.
Knieb, R.T. (1962) Habitat preference, preaation ana intertiaal 
distribution of gammaridean ampnipoas in a N. Carolina (U.S.A.) 
Salt marsn. J. exp. mar, biol. Ecol., vol.59, pp.219-230.
Kurata, H. (l9o2) Studies on the age ana growth of Crustacea, bull. 
Hikkaido reg. Fish Res. Lao., Vol.24: pp.1-115.
Lachaux, a., a. Van Wormnondt, H.L. or un è< Y. Henocque (1964) (The 
utilization ot urchestia gammarellus (Anpnipoaa: Talitriaae) for 
purposes of nutrition in aquaculture: Preliminary results in tne 
lobster Homarus gammar us. j mer (Tokyo), Vol.22(2), pp.4o-54.
Lafon, M. (1956) Contribution a I'etuae des cycles métaboliques cnez 
T a litru s  s a lta to r  (u). Arch. Zooi. ex^. gen. (Notes e t  rev .) , 
Vol.93, pp.79-96.
Lagarrique, u-G. (l9o9) Composition ionique ae l'nemolymphe aes 
Oniscoiaes. bull, soc. Zool. Fr., Vol.94, pp.137-146.
bagerspetz, K. (l9o3) Humidity reactions of three aquatic ampnipoas 
Gammarus aueoeni, G. oceanicus ana pontoporeia af finis in tne 
air. J. exp. Biol., Vol.4U, p^.lu5-llU.
Larimer, J.L. and A.F. Riggs (l9o3) Properties of tne haemocyanins 1. 
the effect of calcium ions on tne oxygen equilibrium of crayfish 
haemocyaniruComp. Biochem. Physiol., Vol.13, pp.35-46.
Lawrence, R.F. (1953) The biology of the cr y p t ic  fauna of fo r e s t s  
(with sp e c ia l  reference to the indigenous f o r e s t s  of South 
A frica). Ph.D th e s i s .
Lazo-Wasem, b. (1963) Aoaitional record of tne terrestrial ampnipoa 
Arcitalitrus sylvaticus (Haswell, l66U) in California, U.S.A., 
Crustaceana, Vol.45, pp.213-214.
Lazo-Wasem, É.A. (1964) Physiological ana behavioral ecology of the 
terrestrial aiapnipoa Arcitalitrus sylvaticus (Haswell, 166U). J. 
Crust, biol., Vol.4, pp.343-355.
Lewis, E.G. ana P.a. Haefner (l97o) oxygen consumption or the olue 
crab. Callinectes sapiaus Ratnbun, from proecdysis to 
postecdysis. Comp, biochem. Physiol. V0I.54A, pp.55-bU.
171
Lienhart, R. (1913) Presence en Lorraine d*Qrchestia bottae Milne Edw. 
Paris. C.r. See. Biol., Vol.75, pp.603-bÜ5.
Lincoln, R.J. (1979) British Marine Amphipooa; Gammariaea. British 
Museum (Natural History), London, 65dpp.
Little, C. (1983) The Colonisation of land: Origins and adaptations of 
terrestrial animals. Cambridge University press, 290pp.
Lopez, G.R. (1977) The role of Orchestra grillus in the decomposition 
of Spartina alterniflora litter. Oecologia, Vol.30, pp.111-127.
Lopez, O.K., U.S. Levinton ana B. SloooaKin (1977) The effects of 
grazing by the aetrivore Orcnestia grillus on Spartina litter and 
its associateo microbial community. Oecologia (Berl), Vol.3u, 
pp.111-128.
Louis, M. (1977a) [A stuoy of tne population or Talitriaae in tne 
coastal ponds of the Mediterranean i. Interpretation of the 
variations in nuiuber within tne aifterent phases.) Bull. Ecol., 
Vol.8, pp.o3-74.
Louis, M. (1977b) (A stuoy or tne populations of Talitriaae in tne 
coastal ponas of the meaiterranean II. An identification or tneir 
cohorts, cycles ana fecunaityj. null. Ecol., Vol.o, pp.75-83.
Louis, M. (198U) [A mixed population of Orcnestia montagui and 
Orcnestia aeshayesai. In tne bay of aon-lsmail (Algeria) j. bull. 
Ecol., Vol.11, pp.%7-112.
MacIntyre, R.J. (19b3) The supra-littoral fringe of New Zealand Sand 
Beacnes. Trans. Roy. Soc. N.6. (General), Vol.l, pp.8y-lU3.
Maasen, N. (I9b0) The brain of the amphipoo Orcnestia platensis 
Kroyer. Crustaceana, Vol.l, pp.173-178.
Mallis, A. (1942) An amphipod nousenoia pest in California. J. econ. 
Ent., Vol.35, p.595.
Mallis, A. (I9b0) HanaoooK of pest control. (Third edition).
Manguiu, C.P. (198U) Respiratory function of the haemocyanins. Am. 
Zool. Vol.2U, pp.19-38.
Mangum, C.P. (1982) on the relationship between P^^ and tne moae of 
gas exchange in tropical crustaceans. Pac. Sci. Vol.3ô,pp.4ü3- 
410.
Mangum, C.P. (1983a) Oxygen transport in the blood. In,The oiology or 
the Crustacea (D.E. aliss. Ed.), Vol. 5 Internal anatomy ana 
physiological regulation (L.H. Mantel, Ea.), Academic Press, New 
Yorx, pp.373-429.
Mangum, C.P. (1983b) On the aistribution or lactate sensitivity aiiiong 
haemocyanins. Mar. Biol. Lett. Vol.4, pp.139-149.
Mangum, C.P. ana D.W. Towle (1977) Physiological aaaptation to 
unstable environments. Am. Sci., Vol.bb, pp.b7-75.
172
Mangum, C.P. and K. Johansen (1975) The colloid osmotic pressure of 
invertebrate boo y fluids. J. exp. Biol. Vol.63, pp.661-671.
Mangum, C.P. ana G. Lykxeboe (1979) The influence of inorganic ions 
and pH on the oxygenation properties of the blood in tne 
gastropoa mollusc, Busycon c^aliculatum. J. exp. Zool., Vol.2ü7, 
pp.417-430.
Mangum, C.P. and J.M. BhicK (1972) The pH of oody fluids of marine 
invertebrates. Comp, bioch. Physiol., Vol,42A, pp.693-697.
Mantel, L.H. ana L.L. Farmer (1983) Osmotic and ionic regulation. 
In,The biology of tne Crustacea (D.B. Bliss, Ba.), Vol. 5 
Internal anatomy ana pnysiological regulation (L.H. Mantel, Bd.), 
Acaaemic Press, New York, pp.373-429.
Manwell,C.ana C.M.A. Baxer (1983) Btarcn gei electrophoresis of ser 
from marine arthropods: studies in the heterogeneity of 
naejiiocyanin ana on a "ceruloplasmin-like protein". Comp. Biocnem. 
Physiol., Vol.o, pp.l93-2u6.
Marchionni, V. (I9b3) Moaiticazione sperimentale della airezione 
innata ai fuga in Talorchestia aeshayesii (Aud). Crustacea- 
Ampnipoaa. Inst. Mus. Zool. (jniv. Torino, Vol.6, pp.29-34.
Marfin, J-P (1983) Talorchestia spinifera (B. Mateus, 19b2) Amphipode 
Talitriaae au Maroc reparcition, aescription. Vie et Milieu, 
Vol.33, pp.231-238.
Marseen, I.D. (1979) Seasonal oxygen consumption of the saltmarsh 
i s o p O d ,  Sphaeroma rugicauaa. Mar. Biol., Vol.51, pp.o29-337.
Marsuen, I.D. (1980) Effects of constant ana cyclic temperatures on 
the salinity tolerance of tne estuarine sanahopper Orchestia 
cniliensis. mar. Biol., vol.59, pp.211-218.
Marsaen, I.D. (1984) Effects of suomersion on the oxygen consumption 
O f th estuarine sanahopper, Orcnestia chiiiensis. j .  exp. mar. 
Biol. Ecol., Vol.79, pp.2o3-276.
Marsaen, I.D. (1985) Some factors affecting survival and oxygen uptake 
in a subtropical beach flea. J. exp. mar. Biol. Ecol., Vol.bb, 
pp.243-255.
Marsden, I.D. ana G.D. Fenwicx (1984) Chroestria, a new supralittoral 
amphipod genus from wueenslana, Australia (Talitroiaea: 
Talitriaae). J. Nat, hist, Vol.l8, pp.843-851.
Mason, C.A.. (1970) Function of the pericaraial sacs during the moult 
cycle in the lana crao Gecarcinus lateralis. J. exp. Zool., 
Vol.174, pp38l-390.
Mason, K.P., C.P. mangum ana G. Goaette (1983) The influence of 
inorganic ions and acclimation salinity on haemocyanin-oxygen 
binoing in the blue crao Callinectes sapidus. Biol. Bull, mar. 
Diol. had., Vvooas hole, Vol.164, pp.lU4-123
173
Matsuaa, R. (1982) The evolutionary process in talitrid am^tiipods and 
salamanaers in changing environments, with a discussion of 
"genetic assimilation" ana some other evolutionary concepts. Can. 
J. zool.. Vol.40, pp.733-749.
Mauro, N.A. (1978) The effects of temperature on 0-^ . transport in 
aecapod crustaceans. Am. Zool., Vol.ld, p.639.
Mauro, N .A .  ana C.P. Mangum (19ô2) The role of tne blood in tne 
temperature aepenaance of oxidative metabolism in aecapoa 
crustaceans. I intraspecific responses to seasonal differences in 
temperature. J. exp. Zool., Vol.219, pp.179-188.
McLusky, D.S. (l96b) Some effects of salinity on the aistribution ana 
abundance of Coropnium volutator in the Ythan estuary. J. Mar. 
Biol. Ass. U.K., Vol.48, pp.443-454.
M CM anon B.R. and W.w. Burggren (1979) Respiration and aaaptation in 
the terrestrial haoit in the lana nermit crab CoenoDita 
clypeatus. J. exp. Biol. Vol.79, pp.2o5-2dl.
McManon, BU<. ana Vv.R. Russell-hunter (1977) Temperature relations of 
aerial and aquatic respiration in six littoral snails in relation 
to their vertical zonation. Biol. Bull, mar, biol. Lab., Woods 
Bole, Vol.ldz, pp.182-198.
Meacof, u.c .  (1939) adaitional records of the terrestrial ampnipoa, 
Talitrus alluauai, Cnevreaux, in Nortn America. Amer. Midland 
Nat., Vol.22, pp.218-217.
Medcof, J.C. (194Ü) V ariations in tne pleopoa structure  of tne 
t e r r e s t r ia l  ampnipoa T a l i t r u s  a l lu a n a i  Cnevreux. L lo y a la  
C in c in n a ti , Vol.3, pp.79-80.
Menzel, k . (l9ll) Lxotiscne Crustacean im ootanischen Garten Zu. 
Basel. Rev. Suisse. Zool., Vol.19, pp.433-444.
Methuen, P.A. (1913) Description of an ampnipoa belonging to the 
family Talitriaae from the wooabush Transvaal. Proc. Zool. Soc. 
Land., pp.109-112.
Meyer-Rochow, V.B. (1981) Note on the cuticular morphology in 
terrestrial ampnipoa Orcnestia sp. Zool. A n z . ,  Vol.207, pp.74-77.
Meyran, J.-C., F. Graf ana N. Ghislain (1984) Calcium pathway though a 
mineralising epitnelium in the crustacean Orchestia in pre-moult. 
Ultrastructure cytochemistry ana X-ray micro-analysis. Tissue 
Cell. Vol.16, pp.269-288.
Micallef, H. (1967) Aerial and aquatic respiration of certain 
trochids. Experientia, Vol.23, p.52.
Miller , K. ana K.E. Van Holae (1974) Oxygen oinaing by Cailianassa 
californiens is hemocyaniru Biochemistry, Vol.l3, pp.l868-1674.
174
Miller, K.I. ana K.E. Van Holae (1981) The effect of environmental 
variaoles on the structure and function of hemocyanin from 
Cailianassa californiensis 1. Oxygen binding. J. Comp. Physiol., 
Vol.143, pp.2b3-zbU.
Milne, D.J. ana R.A. Ellis (1973) The effect of salinity acclimation 
on the ultrastructure of the gills of Gammarus oceanicus 
(Segerstrale, 1947) (Crustacea; Amphipooa). Z. Zellforsch. 
mikrosk. Anat., Vol.139, pp.311-3l8.
Milne-Eawards, m. (184u) Histoire Naturelle des Crustacés comprenant 
l'anatomie, la physiologie et la classification ae ces animaux. 
3ra Volume, pp.638.
Moloney, C.L. ana S.w. Ni col son (1984) Water relations and hemolymph 
composition of two intertidal spiaers (Oraer; Araneae). J. exp. 
mar. Biol. Ecol., Vol.83, pp.275-284.
Moore, P.G. (1977) Organisation in simple communities: ooservations on 
the natural history of Byale nilssoni (Araphipoda) in nign 
littoral seaweeds. In Biology of bentnic organisms, Eg. by b.F. 
Keegan, P.O. Ceiaigh ana P.J.b. boaaen, Pergammon Pres, Oxford, 
pp.443-451.
MOore, P.G. (1984) The fauna of tne Clyae sea area: Crustacea,
Amphipoaa. Occ. Puol. no _2 U.M.n.B. Millport, Isle of Cumbrae. 
84pp.
Moore, P.G. ana C.h. Francis (i9bDa) On tne water relations ana 
osmoregulation of tne oeach-hopper Orcnestia gammarellus (Pallas) 
(Crustacea: Ampnipoaa). J. exp. mar. Bioi. ncoi., Vol.94, pp.i31- 
15Ü.
Moore, P.G.ana C.H Francis (l^obb) Some observations on food ana 
feeding of tne supralittoral beacn-hopper Orchestia gammarellus. 
(Pallas) (Crustacea: amphipoaa). Opnelia, Vol.24, pp.183-197.
Moore, P.G. ana C.H. Francis (l98ba) Environmental tolerance of the 
beacn-hopper orchestia gammarellus (Pallas) (Crustacea: 
Amphipooa). Mar. environ, res.. Vol.19, pp.il5-129.
Moore, P.G. ana Cdi. Francis (198bb) Notes on the breeding periodicity 
ana sex ratio of Orchestia gammarellus (Pallas) (Crustacea: 
Ampnipoaa) at Millport, Scotland. exp. mar, biol. Ecol., 
Vol.95, PP.203-2Ü9.
Moore, P.G. ana J.I. Spicer (198o) On the status of Arcitalitus 
dorrieni (Crustacea: Amphipooa), on the Island of Colonsay. inner 
Hebrides, J. Nat. Hist., Vol.2U, pp.bb7-ô8ü.
Moore, P.G. and A.C. Taylor (1984) Gill area relationship in an 
ecological series of gammariaean amphipods (Crustacea). J. exp. 
mar. Biol. Ecol., Vol.74, pp.l79-lbb.
Morino, H. (1972) Studies on the Talitriaae (Amphipoda, Crustacea) in 
Japan. I Taxonomy of Talorchestia and Orchestoidea. Publ. Seto. 
Mar. Biol. Lab., Vol.21, pp.43-b5.
175
Morino, H. (1978) Stuaies on the Talitridae in Japan III Life history 
and breeding activity of Orchestia platensis Kroyer. Publ. Seto. 
Mar. Biol. Lab., Vol.24, pp.245-267.
Morris, S. and C.R. Bridges (1985) An investigation of haemocyanin 
oxygen affinity in the semi-terrestrial crab Qcypode saratan 
Forsk. J. exp. Biol., Vol.117, pp.119-132.
Morris, S., A.C. Taylor, C.R. Bridges and M.K. Grieshaber (1985) 
Respiratory properties of the hemolymph of the intertidal prawn 
Palaemon elegans Rathke. J^ exp. Biol., Vol.233, pp.l75-186.
Morton, H.P. and A.M.M. Richardson (1984) Observations on the feeding 
preferences of two species of Tasmanian terrestrial ampnipoas 
(Crustacea: Amphipoda: Talitriaae). Pap, ana Proc. Royal Soc. 
Tasmania, Vol.118, pp.79-84.
Murphy, R.T. (1973) Talitroides dorrieni in Britain. J^ Camborne- 
Rear utn N.h. Soc., Vol.2, pp.3-7.
Murphy, k .T. (1974) Talitroiaes aorrleni in tne Lizara Peninsula, 
Lizara, Vol.5, pp.7-11.
Nebeski, o. (Ib8i) Ampnipoaa of the A driatic .  J. k. Micr. Soc., V ol.2, 
pp.453-455.
Nelson, J.M. (I98ü) Tne invertebrate fauna of a tiaai marsn at 
Caerlaverock, Dumfrlesnire. Trans. Dum. Gali. Nat, hist, rintig. 
Soc. (3rd series). Vol.5s, pp.88-78.
Newell, R.C. (1973) Factors affecting the respiration of intertidal 
invertebrates. Am. Zool., Vol.13, pp.5l3-518.
Newell, R.C. (1979) Biology of intertiaal animals (3^^ edition). 
Marine Ecological ourveys Ltd, Faversnam, Kent. 78lpp.
Newell, R.C., M. Ansanullan ana V.I. Pye (1972) aerial ana aquatic 
respiration in the snore crab Carcinus maenas (L). Comp. Biochem. 
Physiol., Vol.43A, pp.239-252.
Newell, R.C., a. Roy and K.B. Armitage (197o) An analysis of factors 
affecting the oxygen consumption of the isopoa Lig ia oceanicus. 
Physiol. Zool., Vol.49, pp.lu9-137.
Nickerson, K.W. ana K.E. Van holde (1971) A comparison of molluscan 
ana arthropod nemocyanin. I. Circular aicnroism ana absorption 
spectra. Couip. Bioch. Pnysiol., Vol.39B, pp.855-872.
O'Mahoney, P.M. ana R.J. Full (1984) Respiration of crabs in air ana 
water. Comp. Bioch. Pnysiol., Vol.79A, pp.275-282.
Opalinski, K.W. (1982) Metabolic compensation in Amphipooa. PolSKie 
Archiwum hydrobiologii, Vol.29, pp.367-373.
Overstreet, R.M. (1983) Metazoan symbionts of crustaceans. In, Tne 
biology of tne Crustacea. (D.E. Bliss, ea.), Vol.o Patnooiology, 
(D.E. Bliss ana A.J. Provenzano, Eas), Acaaemic Press, New York, 
pp.155-250.
17b
Paiiuauit, M. (1954) Notes écologiques sur. Talitrus saltator. Arch. 
Zool. Exp. Gen., Vol.91, pp.105-129.
Palmen, E. (1949) Talitroiaes alluauai (Chevreux) Amphipoda Talitridae 
in Finnland Gefuden. Arch. Soc. Zool. Bot. Fen. Vanamo, Vol.2, 
pp.bl-64.
Papi, F. (lyfaU) orientation Dy night: the moon. Cold. Spr. harb. Sym. 
Quant. Biol., Vol.25, pp,475-48ü.
Papi, F. ana h. Parai (1955) La luna come rattora ai orientamento 
aegli animali. Bull. 1st. Zool. Univ. Torino., Vol.4, pp.l953- 
1954.
Papi, F. ana L. Parai (1909) haovi reperti suli' or ientamento lunare 
ai Talitrus saltator. Montagu (Crustacea-Amphipoaa). Z. Vergl. 
Pnysiol., Vol.41, pp.Do3-596.
Papi, F. ana l . Parai (19ü3) On tne lunar orientation of sanono^^pers 
(Amphipooa, Talitridae). oiol. Bull. mar. oiol. Lao., wooas hole. 
Vol.124, pp.97-105.
Parai, n. (l9ou) Innate components in the solar orientation of 
littoral artnropoas. Coia. spr. haro. Sym. quant, oiol.. Vol.2s, 
pp.S95-4(jl.
Parai, L. ana F. Papi (19sz) Die sonne als kompass oie Talitrus 
_s £  J^_t £jt o £ (inontagu) ( A m p h i p o a a  - T a l i t r i a a e ) .  
Naturwissenschaften. Vol.39, pp.z82-2ou.
Parai, Lana M. Grassi (l95s) Experimental moaification of airection 
finaing in Talitrus saltator (Montagu) and Talorchestia 
deshayesii (Aua) (Crustacea-Amphipoaa). Experientia, Vol.l, 
pp.202-2us.
Parry, G. (1953) Osmotic ana ionic regulation in the isopoa crustacean 
Ligia oceanica. J. exp. siol., Vol.30, pp.567-574.
Passano, L.M. (i960) Molting ana its control. In, The pnysiology of 
the Crustacea Vol.l, pp.473-536.
Pavour-Smitn, K. (I9s5) The siotic community of a salt meadow in New 
Zealana. Trans, k . Soc. N.Z., Vo 1.ô3, pp.525-554.
Perkins, E.J. (1974) Tne Marine Environjuent cnt 22 p o83-72i containea 
in The Biology of Plants Litter Decomposition. Ea. oy C.h. 
Dickenson & G.J.F. Pugh. Vol. 2 Acaaemic press pp 77 5.
Pequeux, A., A.C. Vallota and R. Gilles (1979) Blood proteins as 
related to osmoregulation in Crustacea. Comp. Bioch. Physiol., 
V01.64A, pp.433-435.
Platzman, S.J. (19bO) Comparative ecology of two species fo intertidal 
aitpnipods Talorchestia megalopthalma and Orchestia agi lis. Biol. 
bull. mar. biol. Lao., Woods hole, Vol.119, p.333.
177
Powers, L.W. and D.E. Bliss (19o3) Terrestrial adaptations. In The 
biology of the Crustacea (D.E. Bliss, Ed.). Vol. 8 Environmental 
adaptations (F.J. Vernberg & W.B. Vernberg, Eds). New York: 
Academic Press, pp.271-334.
Preece, G.S. (1970) Salinity ana survival in Sathyporeia pilosa 
Linastrom and B. pelagica (Bate). J. exp. mar. Biol. Ecol., Vo.5, 
pp.234-245.
Price, J.B. ana D.M. tiolaricn (1980) Cnanges in the osmotic pressure 
and sodium concentration of tne haemolymph of woodlice with 
progressive desiccation. Comp. Biocnem. Physiol., Vol.bbA, 
pp.297-305.
Rainoow, P.S. ana P.G. Moore (l9oo) Comparative metal analyses in 
ainphipoa crustaceans. In Press.
Kamirez ae Isla nernanaez, S. ana A.C. Taylor (1985) The effect of 
temperature on osmotic ana ionic regulation in the prawn, 
Palaemon elegans (Rathke). upnelia Vol.24, pp. 1-15.
Rankin, J.C. ana Davenport (iy8i) Animal osmoregulation. BlacKie,
202pp.
Rawlinson, R. (1937) Tne occurrence of the ampnipoa Talitrus domeni 
Hunt in Co. Galway, Irelana. Ann. Nat. Hist. 10th Ser., Vol,20, 
pp.589-592.
Read, s.M. ana D.H. Northcroft (1981) minimisation of variation in tne 
response to different proteins of the Coomassie Blue G dye- 
binding assay for protein. Anal. Biocnem., Vol.lib, pp.o5-b8.
Redfield, A.C. (1934) The haemocyanins. Biol.  Revs. Cam. Phil. Soc., 
Vol.9, pp.175-212.
Reamona, J.R. (1955) The respiratory function of naemocyanin in the 
Crustacea. J. Cell. Comp. Pnysiol., Vol.46, pp.209-248.
Redmond, J.R. (l9o8) Transport or oxygen by the olooa of tne lana 
crao, Gecarcinus lateralis. Am. Zool., Vol.8, pp.471-479.
Reid, D.M. (1929) Orchestia aeshayesi(Ampnipoaa) on the nortn coast of 
Scotland. Ann. Mag. Nat. Hist. (Ser lu). Vol.4, pp.223-224.
Reid, D.M. (1938) Burrowing metnoas of Talorcnestia aeshayesii 
(Audouin) (Crustacea, Airiphipoaa). Ann. Mag. Nat. Hist., (ser 11), 
Vol.l, pp.155-157.
Reid, D.M. (1947) Talitriaae (Crustacea: Ampnipoaa). Synopses Br. 
Fauna, Vol.7, pp.1-25.
Reid, D.M. (1948) Occurrence of the ampnipoa. Orchestia bottae ana 
other organisms in Britain. Nature, Dona., Vol.161, p.6Û9.
Richards, L.J. (1982) Prey selection oy an intertiaal beetle: Field 
test of an optimal diet moael. Oecolog ia, Vol.55, pp.325-333.
178
Richaras, L.J, (1983) Feeaing ana activity patterns of an intertiaal 
beetle. J. exp. mar. Biol. Ecol., Vol.73, pp.213-224.
Richaras, L.J. (1984) Field studies of foraging behavior of an 
intertiaal beetle. Ecol. Ent., Vol.9, pp.l89-l94.
Richardson, a .m .h . (1980) Notes on the occurrence of Talitrus aorrieni 
in Boutn west England U.K. J. Nat. Hist., Vol.14, pp.751-75o.
Richardson, A.m .M. ana D.M. Devitt (1984) The aistribution of four 
species of terrestrial amphipoas (Crustacea: Amphipooa: 
Talitriaae) on mount Wellington, Tasmania, aust. Zool., Vol.21, 
pp.143—lob.
Richaroson, a.n.M. ana H.P. Morton (l98o) Terrestrial ampnipoas 
(Crustacea, Amphipooa, F Talitriaae) ana soil respiration. Soil 
Biol. Biocn., Vol.18, pp.l97-2üu.
Roberts, P. (1982) Foods of chough (Pyrrnocorax pyrrhocorax) on 
Barasey Islanos, Wales U.K.. Bird Stuay, Vol.29, pp.155-161.
Robertson, D. (lobo) Notes on Talitrus locusta. P.N.H. Soc. d a s , 
(n.s.) Vol.l, p.l3u.
Rooertson, u, (looo-oo) A contrloution towards a catalogue of the 
Ampnipoaa and isopoda of the Firtn of Clyde. P^ Trans. Nat. Hist. 
Soc. Glasgow, Vol.2, pp.l4-±7.
Robertson, JJJ. (1949) Ionic regulation in soiae marine invertebrates. 
Jh exp. Biol., Vol.2b, jup.lo2-2UU.
Robertson, J.D. (19dB) Further studies on ionic regulation in marine 
invertebrates. J. exp. Biol., Vol.Su, pp.277-298.
Robertson, JuJ. (19bu) usmotic ana ionic regulation. In The pnysiology 
of the Crustacea, Vol.l, pp.317-339.
KOth, V.D. ana w.L, brown (l97o) ûtner intertiaal air breatning 
arthropods. In Marme Insects, edited by L. Cneng, North-Hollana, 
Aiàsteraam, pp.ll9-15u.
Roubaud, b. (1948/49) L'agressivite pour l'homme et les aptituaes 
vulnerantes rythmiques oes Talitres out "Puces ae mer". C.r. 13e 
Congr. Int. Zool. Paris, pp.su4-bu5.
Ruffo, S. (1937) Studi sui crostacei anfipoai II Nota su alcune specie 
del ges Orchestia (Ampnipoaa-Talitriaae).  b u I I .  Soc. Ent. Ital. 
Genova, Vol.b9, pp.35-40.
Ruffo, S. (193o) Studi sui crostacei anfipoai (a) Gli Anfipodi ael 
Meoiterraneo pp 127-151.(0) Gli Anfipoai del Mar. Rosso pp.l52- 
l80, Ann Mus Stor Nat. Genova, Vol.bU.
Ruffo, S. (1950) stuai sui Crostacei Anfipoai  XXII anfipoai ael 
Venezuela raccolti aal uott G. Marcuzzi. Mem, mus. Civero Storia 
Nat. Verona, Vol.2, pp.49-85.
179
R u f f o ,  S. (195b) A ra p h ip o o e s  t e r r e s t r e s  e t  o e s  e a u x  c o n t i n e n t a l e s  de  
M a d a g a s c a r ,  o e s  C o m o re s  e t  d e  l a  r e u n i o n .  ( E tu d e s  s u r  l e s  
C r u s t a c é s  A m p h ip o ae s )  (L). Mem. I n s t .  S c i .  M a d a g a s c a r .  S e r  A, 
V o l . 12 ,  p p .3 s - 6 5 .
R u p p e l ,  G. (1987) Zur l o k o m o t i o n s a k t i v i t a t  a e s  Amphipoden O r c h e s t i a  
p l a t e n s i s  im F r e i l a n d  und iin l a O o r a t o r i u m .  H e l g o l .  w i s s .  
M e e r e s u n t e r s , V ol.15, pp .l72-18U .
R u t le o g e ,  P.S. ( l9 8 l)  E f f e c t s  o f  t e m p e r a tu r e  a c c l i m a t i o n  on c r a y f i s h  
hem ocyanin  oxygen o in a in g .  Am. J .  P h y s io l . ,  Vol.24U, pp.R93-R98.
S a r s ,  G.O. (1 8 9 0 -1 8 9 5 )  An a c c o u n t  o f  t h e  C r u s t a c e a  o f  N orw ay . Vol I  
Ampnipoaa, p t  2. C h r i s t i a n a  ana  Copenhagen.
S a y c e ,  u .A . ( 1 9 0 9 )  D e s c r i p t i o n  o f  t w o  t e r r e s t r i a l  s p e c i e s  o f  
T a l i t r i d a e  f ro m  V i c t o r i a ,  w e i o o u r n e .  P r o c .  Roy. S oc . V i e t . ,  
V o l .22 , p p . 29—34.
S c a p i n i ,  F . ( l 9 7 o )  O r i e n t a t i o n  o r  T a i i t r u s  s a l t a t o r  M o n ta g u  
(C ru s ta c e a :  Anphipoda) i n  r r e s n ,  s e a  ana  a i l u t e a  s e a w a te r .  M onit. 
z o o l .  I t a l .  N .S ., V o l . 1 3 ,  p p . 7 1 -7 8 .
B c a p i n i ,  i ‘. a n a  L. b a r t o l o z z i  (1903) O r i e n t a t i o n  o f  t h e  f r e s h  w a t e r  
v i p a r i o n  a m p n ip o a  o r c n e s t i a  c a v im a n a  ( C r u s t a c e a :  A m p h ip o aa ) .  
M o n i t .  Z o o l .  I t a l . ,  V o l . 1 7 ,  p p .z 9 5 -3 U 2 .
S c n e l i e n o e r g ,  a . (1928) b e o o a c t u n y e n  an  aem A m p n ip o ae n  T a l i t r u s  
s a l t a t o r  (M o n t) . z o o i .  A n z . ,  L e i p z i g , V o l . 79 , p p .7 8 - o 2 .
S c n e l i e n o e r g ,  A. ( l9 8 ô a )  b r a s i l i a n i s c h o  A m p n ip o a e s  m i t  o i a o g i s c h e n  
B e m e rx u n g e n .  Z o o l .  J a h r o .  J e n a ,  ( s y s t . ) , V o l .7 1 ,  p p .2 0 3 - 2 1 o .
S c h e l l e n o e r g ,  a . (19380) Ampnipoaen a e s  Kongo -  M onaungsgeb ie les .  nev. 
Z o o l .  B o t .  Afr.  T e r v a e r e n . ,  Vo1 . j 2 , p p .1 2 2 - 1 3 9 .
s c n e l l e n b e r g ,  A. (1940) L e o t  am F l a k e n s e e  b e i  B e r l i n  a e r  F l o n k r e b s  
O r c h e s t i a  o o t t a e . M-Eaw. o a e r  O r c n e s t i a  c a v im a n a  h e l l e r ?  Z o o l .  
A nz .,  V o l . l3 U ,  p p . 2 0 8 - 2 0 7 .
S c h e l l e n o e r g ,  A. (1942) F l o h k r e o s e  o a e r  A m p n ip o d a .  T i e r w .  D e u t s c n l .  
V o l .4 0 ,  p p . 1 - 2 5 2 .
S c h l i e n z ,  W. (1922) E ine  s u s s - w a s s e r  O r c h e s t i a  in  a e r  A u s s e n a l s t e r  in  
Hamburg. Arch. h y d r o b i o l . l 4 ,  p p . 1 4 4 - 5 0 .
S c h rn a lfu ss ,  H. (1978) Morphology ana  f u n c t i o n  o f  c u t i c u l a r  m ic r o s c a l e s  
and c o r  resp o n d  ing s t r u c t u r e s  i n  t e r r e s t r i a l  i s o p o d s  ( C r u s t a c e a :  
I s o p o a a :  O n i s c o i a e a ) .  zoom o r  ph.. V ol.91, pp .283-274 .
S c h o f f e n i e l s ,  E. (1976) A d a p ta t i o n s  w i t n  r e s p e c t  t o  s a l i n i t y .  Biochem. 
o o c .  Sym p., V o l .41 ,  p p . l 7 9 - 2 u 4 .
S c o t t ,  A. (1958) Tne ajnphipod O r c h e s t i a  gamma r e l i a  i n  S t .  x i l d a .  S c o t .  
N a t . ,  V o l . 68 ,  p . 123 .
Sear le , T (1928) Fooa of the Lyre-Bira. V ict.  Nat. V o l.44, p .28.
180
S e l ie m ,  E. ana  F. G ra f  (1982) Les a i f f e r e n c i a t i o n s  e p i c u t i c u l a i r e s  au  
C r u s t a c é  A m ph ipode  O r c h e s t i a .  B u l l .  S o c .  Z o o l .  F r . ,  V o l .1 0 7 ,  
p p . 497-498 .
S e v i l l a ,  C. (1978) C o m p a r a t i v e  s t u a y  o f  O n i s c o i d e a n  h e m o c y a n in s  
( t e r r e s t r i a l  i s o p o a s ) .  A b s o r p t i o n  s p e c t r a  a n a  a m i n o  a c i a  
c o m p o s i t io n .  Comp. Biochem. P h y s io l . ,  V o l .64a , pp.531-53o.
S e v i l l a ,  C, ana  J.G. L a g a r r iq u e  (1979) oxygen b in o in g  c n a r a c t e r i s t i c s  
o f  o n i s c o i a e a  hem ocyan ins  (C ru s ta c ea :  t e r r e s t r i a l  i s o p o a s ) . Comp. 
Biochem. P h y s i o l . ,  V o l .64A , p p .5 3 1 - 5 3 b .
Shaw, J .  a n a  D.W. B u t c l i f f e  ( l 9 8 l )  s t u a i e s  on s o o iu m  b a l a n c e  i n  
G am m arus o u e o e n i  D i l l g e o o r g  a n a  G^ p u l e x  (L). ex p .  B i o l . , 
V o l . 3 8 ,  p p . l - l o .
S h e a a e r ,  M. ana  F .-S. C nia  (l97u) D evelopm ent, r e c u n a i t y  ana o rooo ing  
b e n a v i o u r  o f  t h e  a m p h ip o a .  Mar in o g a i i im a ru s  o b t u s a t u s .  J .  m ar .  
S l O l .  A s s .  U.K., V ol.bU , p p . l u 7 9 - l U 9 9 .
ShoeiiiUKer, C.R. (193u) Two new amphipoo s p e c i e s , o r  c u e s  t o  i a e a  b e n e o i c t i  
a n a  o r c h e s t i a  u h i e r i .  J .  w a sh .  A cad . S c i .  2U: 1 1 2 -1 2 3 .
Shoem axer, CuC (1932) w otes on T a l o r c h e s t i a  f r i t z i  s te o b in g .  vvasn. 
n c a o .  S c i . ,  V o l .2 z ,  p p . l Q 4 - l o 7 .
S n o e r a a x e r ,  C.R. (1936) The o c c u r r e n c e  o r  t n e  t e r r e s t r i a l  a m p n ip o a s  
T a l i t r u s  a l l u a u a i  ana T a l i t r u s  s y l v a t i c u s  i n  th e  U n i te a  S t a t e s .  
Wasn. A cao . S c i .  J o u r . V o l .2 u ,  p p .o U -6 4 .
S h o e m a k e r ,  C .r . ( 1 9 4 2 )  a m p n i p o a  c r u s t a c e a n s  c o l i e c t e a  on  t n e  
^ r e s i a e n t i a l  c r u i s e  o f  l9 3 o .  s m i tn so n .  Mix. C o l l . , V o l . i u l ,  j /p . l -  
32.
S h y a m asu n o a r i ,  K. (1973) a p r e l i m i n a r y  s tu a y  o r  n e u r o s e c r e t o r y  c e l l s  
i n  T a l o r c n e s t i a  m a r t e n s i i  (Weoer) ana  O r c h e s t i a  p l a t e n s i s  Kroyer 
(A m p n ip o a a :  T a l i t r i a a e ) .  C r u s ta c e a n a , V o l .25, pp .1-4 .
S h y a m a s u n o a r i ,  K. (1 9 7 9 )  T n e  a l i m e n t a r y  c a n a l  o f  a m p n i p o a s :  
n i s t o c n e m i s t r y  o f  c e ^ n a l i c  m ucous  g l a n d s  i n  T a l o r c h e s t i a  
m i a r t e n s i i  ( C r u s t a c e a :  A u tp n ip o a a ) .  Z o o l .  M io r o s k - A n a t  F o r s h  
( L e i p s ) , V o l .93 ,  p p .4 1 7 - 4 2 4 .
S h y a m asu n o a r i ,  K. ( I96 l)  s t u a i e s  on th e  a l i m e n t a r y  c a n a l  o f  am phipoas 
t n e  f o r e g u t .  F o l i a  morph. P ra g u e , Vol.29, pp.367-374.
S h y a m a s u n d a r i ,  K. & K. h a n u m a n i i ia  Kao (1974) The o c c u r e n c e  o f  m ucus  
g l a n a s  i n  t h e  a p p e n o a g e s  o r  T a l o r c h e s t i a  m a r t e n s i i  (w eoer)  a n a  
o r c n e s t i a  p l a t e n s i s  K ro y e r  ( C r u s t a c e a :  A iu p h ip o aa ) .  C u r r .  S c i . ,  
V o l . 43 , p p . 1 2 2 - 1 2 3 .
S i e b e r s ,  D., C. L u c a ,  K -  R. S p e r l i n g  a n a  K. E b e r i a i n  (1972) K i n e t i c s  
o f  o s m o r e g u l a t i o n  i n  t h e  c r a b  C a r c i n u s  m a e n a s . M ar. B i o l . , 
V o l .1 7 ,  p p . 2 9 1 -3 0 3 .
S i m p s o n ,  K.W. (1 9 7 6 )  S n o r e  f l i e s  a n a  o r  m e  f l i e s  ( D i p t e r a :  
E p n y a r i a a e ) . I n  M a r in e  I n s e c t s , ed  by L. C heng . N o r t n - B o l l a n a  
P u b l i s h in g  company, pp.465-495.
181
S m a l l w o o d ,  M.E. (19U3) The b e a c h  f l e a ;  T a l o r c h e s t i a  l o n g i c o m i s . 
C o la s p r in g  h a rb o r  m onographs, V o l . l ,  pp .1 -27 .
S m a llw o o a ,  M.E. (1905) The s a l t - m a r s h  am phipod; O r c h e s t i a  p a l u s t r i s .  
C o ld  s p r i n g  h a rb o r  m onographs. V o l.3, pp .1 -21 .
S o a r e s ,  C.M.A. (1979) E s t u d o  e c o l o g i e s  d a  r e g i a o  a e  i t a m a r a c a ,  
P e r n a m b u c o ,  B r a s i l .  3. A n f i p o a o s  d a s  f a m i l i a s  T a l i t r i a a e  e 
a m p h i t h o i d e a  (1). T r a b a l h o s  o c e a n o g r .  U n iv .  f e d ,  p e r n a m b u c o . 
V o l . 14 ,  p p .9 3 - 1 0 4 .
S p a n a l ,  h . (1924) o t u a i e s  u b e r  s u s s w a s s e r  A m p n ip o a e n .  S i t z .  B e r l .  Ak. 
Wien 133 A bt, V o l . l ,  pp .431-525.
S p a r x e s ,  b . a n a  P. G re e n aw a y  ( l9 o 4 )  The  h aen io iy m p h  a s  a  s t o r a g e  s i t e  
f o r  c u t i c u l a r  io n s  a u r in g  p r e m o u l t  i n  t h e  f r e s h w a t e r /  l a n a  c r a b  
h o l t h u i s a n a  t r a n s v e r s a . J .  e x p .  B i o l . ,  V o l .1 3 3 ,  p p .4 3 -5 4 .
S p o e x ,  G.L. (19b7) Tne i n f l u e n c e  o r  s a l t s  on  t h e  b i n d i n g  o f  o x y g e n  by  
t h e  naem ocyan in  o f  tn e  l o b s t e r  nom arus v u l g a r i s  L. Atca. P h y s io l .  
P h a rm a c o l .  N e e r l . , V o l .14 ,  p p . 5 0 6 - 5 0 7 .
S t e b b i n g ,  T.R.K. ( I b b o )  n e w  a ru p n ip o a o u s  C r u s ta c e a  from  S in g a p o re  ana  
N e w  Z e a l a n a .  P .z .S .
S t e b b i n g ,  T.R.r  ( l o 9 i )  (1) S e s s i l e  e y e d  c r u s t a c e a n s .  Ann. N a t .  H i s t .  
Mag. ( S e r .  6) V o l .o ,  p p . 3 2 4 - 3 3 1 .
S te b b in g ,  T.R.R. (1900) C r u s ta c e a  AmpnipOaa. I n ,  Fauna n a w a i i e n s i s  o r  
t h e  zoo logy  o f  tn e  sandw icn  (H aw aiian) I s l a n o s ) .  Ea oy u a v ia  s h a rp  
V o l  I I ,  P t  V, p p 5 2 7 - 3 3 b .
Steobing, T.R.R (1903) Ampnipoaa from Costa R i c a .  Publ. U.S. Nat. Mus. 
V o l .2 b ,  p p .9 2 5 -9 3 1 .
S t e b b i n g ,  T.R.R ( I9 0 b  t) A m p n ip o aa  I  Gammar i a e a  (Das T e r r e i c n  t i n s g .  
V.F.E. S c n u l z e  Efg 21) B e r l i n  R. F r e a l a n d e r  a S. l9 0 o .
S t e b b i n g ,  T.R.R. (18%^ y) R e p o r t  on  t n e  A m p n i p o a a  c o l i e c t e a  oy n.M.S. 
C n a l l e n g e r  a u r i n g  t n e  y e a r s  l b 7 3 - l b 7 o .  Vol.XXIX, T e x t ,  F i r s t  
p a r t .  H.M.S.O.
S te b b in g ,  T.R.R (190b) A new aiuphipoa C r u s ta c e a n  Q r c h e s to ia e a  o i o l l e y i  
f r o m  C o s t a  R i c a .  P r o c .  U .s . N a t .  Mus. , V o l . 3 4 ,  p p .2 4 1 -2 2 4 .
S t e b o i n g ,  T.R.R. (1 9 i7 )  S o u th  A f r i c a n  T a l i t r i a a e .  Ann. Mag. N a t .  H i s t .  
L o n a . ( s e r  B), V o l .19 , p p .3 3 U - 3 3 i .
S t e b o i n g ,  T.R.R. (1922) I s o p o a a  a n a  A m p n ip o aa  r ro m  A n g o la  a n a  S o u t h  
A f r i c a .  G o te b o r g  V e t .  H a n o i . V o l . 25 , p p . 1 - 1 6 .
S t e e l e ,  D.H. (197b) S e a s o n a l  c h a n g e s  i n  t h e  a b u n d a n c e  o f  G am m arus 
o c e a n ic u s  (C ru s ta c e a ,  Amphipoda) i n  Newfoundland. Can. J .  Z oo l . ,  
V o l . 3 4 ,  p p .2 0 l9 -2U 22 .
S t e p h e n s e n ,  K. (1924) T a l i t r u s  a l l u a u a i  (Chevreaux). An I n d o - P a c i f i c  
t e r r e s t r i a l  a m p h ip o a  fo u n d  i n  h o t - h o u s e s  i n  C o p e n h a g e n .  D a n sx .  
N a t u r h i s t .  For Rgooenavn, V iaensk  M edae l . , Vol.7b, p p . l9 7 -1 9 9 .
182
S t e p h e n s e n ,  K. (1929) A m p h ip o a a ,  pp  1 - 8 8 ,  T i e r w e l t  N ord -  ü. O s t s e e ,  
v o l  X A r th ro p o a a  I .
S te p h e n s e n ,  K. (193sa) I n a o - P a c i f i c  t e r r e s t r i a l  T a l i t r i a a e .  b e r n i c e  P. 
b i s h o p .  Mus, ü c c a s .  P a p e r s , V o l . l ü ,  p p . l - 2 ü .
S t e p h e n s e n ,  K. (1935b) T e r r e s t r i a l  T a l i t r i a a e  r ro m  t h e  M a r q u e s a s .  
M arquesan  i n s e c t s  £  I I I  P a c i f i c  Ent. Survey  Dub.,Vol.8, pp .19-34 .
S te p h e n s e n ,  K. (1939) T e r r e s t r i a l  T a l i t r i a a e  from  th e  M arquesas, b u l l .  
b i s h o p .  Mus. H on o lu lu , Vol.142, p p . ly -3 4 .
S te p h e n s e n ,  k. (1943) The t e r r e s t i a l  am phipoa T a l i t r o i a e s  n o r tu l a n u s .  
(Calm.an, l y l 2 )  f o u n a  i n  Samoa and  i n  t h e  New H e b r id e s .  E n t .  
M eade 1 . ,  V o l .23 ( J u o i i a e m s b i n a ) , pp .295-3ü2 .
S t o r c h ,  V. and P. B u rk h a ra t  (1984) I n f lu e n c e  o f  n u t r i t i o n a l  s t r e s s  on 
tn e  n e p a to p a n c re a s  o r  T a l i t r u s  s a l t a t o r  ( P e r a c a r i a a ,  Ampnipoaa). 
H e ly o l .  w i s s .  M e e r e s u n te r s , V o l .3 8 ,  p p . 8 5 - 7 3 .
B U t c l i f r e ,  D.w. (1971a) R e g u la t io n  o f  w a te r  ana  some io n s  in  gam m arias  
(Ampnipoaa). I .  Gammarus a u e o e n i  ( L i l l j e b o r g )  from  o r a c k i s n  w a te r  
a n a  r r e s h  w a t e r .  J .  e x p .  B i o l . ,  V o l .5 5 ,  p p . 3 2 5 -3 4 4 .
S u t c l i r r e ,  u.W. (197lb) R e g u la t io n  o r  w a te r  ana  some io n s  in  gammar i a s  
(A ir iph ipoaa) . I I I .  T h r e e  e u r y n a l i n e  s p e c i e s .  J .  e xp . B i o l . ,  
V ol.55 , p p .3 5 7 -3 6 9
S u t c l i r r e ,  D.w. (1984) q u a n t i t a t i v e  a s p e c t s  o f  o x y g e n  u p t a k e  by 
Gammarus (C ru s tacea :  AHipnipoaa); a  c r i t i c a l  r e v i e w .  F r e s h w a t e r  
b i o l . ,  V O l . l4 ,  p p .4 4 3 -4 8 9 .
T a m u r a ,  N. a n a  k. R o s e x i  (1974) P o p u l a t i o n  s t u a y  on a t e r r e s t r i a l  
a m p h ip o a  o r c n e s t i a  p l a t e n s i s  j a p o n i c a  ( T a t t e r s a l l )  i n  a  
t e m p e r a t e  f o r e s t .  J a p .  J .  E c o l . ,  V o l .2 4 ,  p p .1 2 3 -1 3 9 .
T a t t e r s a l l ,  W.m. (1914) z o o l o g i c a l  r e s u l t s  o f  t n e  Aoor e x p e d i t i o n  
1911-1912 , C ru s ta c e a :  Ainpnipooa. Rec. In a .  Mus. C a l c u t t a , V ol.8 , 
p p . 449-453 .
T a t t e r s a l l ,  vhM. (1929) a t e r r e s t i a l  amphipod from  o,uuu f t  in  th e  New 
H e b r i d e s .  Ann. Mag. N a t .  H i s t , ( s e r  1Ü), V o l .3 , p p .9 8 - 9 7 .
T a t t e r s a l l ,  vv.M. (1931) A t e r r e s t r i a l  a m p n ip o a  new t o  t n e  f a u n a  o f  
L a n c a s h i r e  a n d  C h e s h i r e .  N o r t h - w e s t e r n  n a t .  A r b r o a t h , V o l .b ,  
p p . 224-225 .
T a y l o r ,  A.C. an d  P.S. D a v i e s  (1 9 b l)  R e s p i r a t i o n  i n  t h e  l a n a  c r a o ,  
G e c a r c i n u s  l a t e r a l i s . J .  e x p .  B i o l . ,  V o l . 9 3 ,  p p . 1 9 7 -2 0 8 .
T a y l o r ,  A.C., S. M o r r i s  and  C.R. B r i o y e s  (1985) M o d u la t io n  o f  
h a e m o c y a n in  o x y g e n  a f f i n i t y  i n  t h e  p r a w n  P a la e m o n  e l e g a n s  
(Rathke) under e n v i ro n m e n ta l  s a l i n i t y  s t r e s s .  ^  exp. mar. B io l .  
E c o l . ,  V o l . 94 , p p . l b 7 - 1 8 0 .
183
T a y l o r ,  E.w. a n a  P .J .  b u t l e r  (1978) A q u a t i c  a n a  a e r i a l  r e s p i r a t i o n  i n  
t n e  sh o re  c r a b ,  C a r c in u s  m aenas (L.) a c c l im a te d  to  15^C. J .  Comp. 
P h y s i o l . ,  V o l .1 2 7 ,  pp .315-323 .
T a y l o r ,  E.W. a n a  M.G. w h e a t l y  (198u) V e n t i l a t i o n ,  h e a r t  r a t e  a n a  
r e s p i r a t o r y  g a s  e x c n a n g e  i n  t h e  c r a y f i s h ,  A u s t r o p o t a m o b i u s  
p a l l i p e s  (L e re b o u l le t )  subm ergea  i n  norm oxic  w a te r  ana  f o l l o w i n g  
3 n e x p o s u r e  i n  a i r  a t  15^C. J .  e x p .  B i o l . ,  V o l .92 , p p . l U 9 - 1 2 4 .
T a y l o r ,  P.M. (1985) The p a t t e r n  o r  g i i l  p e r f u s i o n  i n  tw o  s p e c i e s  o f  
C o r o p n i u m  ( C r u s t a c e a :  A m p h i p o a a )  a n d  i t s  r e l a t i o n  t o
e n v i ro n m e n ta l  s a l i n i t y .  Zool. Lond. A, Vol.2Ü5, pp .29-38 .
Teigsm iarx , G. ( l9o l)  O r c h e s t i a  p l a t e n s i s  ( T a l i t r i a a e ) ,  an am pnipoa new 
to  t n e  Norwegian fau n a .  S a r s i a , V o l .68, p.165.
T e r w i l l i g e r ,  N.B., R.C. T e r w i l l i g e r ,  M. A p p le s te in ,  C. o o n a v e n tu ra  ana  
J .  B o n a v e n t u r a  (1979) B u b u n i t  s t r u c t u r e  a n a  o x y g e n  o i n a i n g  o f  
h e u io c y a n in  o f  t h e  i s o p o a  L i g i a  e x o t i c a . B i o c h e m i s t r y , V o l .1 8 ,  
p p . lU 2 - lU o .
T ho ii ison , G.M. ( l b / 9 )  N ew  Z e a l a n d  C r u s t a c e a  w i t n  d e s c r i p t i o n s  o f  new 
s p e c i e s .  T r .  N.Z. I n s t . ( l o r  l o ü 7 , p u b l i s n e a  i n  lb 7 9 )  V o l . l l ,  
PP.23U-25Û.
T hoftison , G.M. ( Ibbu)  x e c e n t  a d d i t i o n s  a n a  n o t e s  on New Z e a l a n a  
C r u s t a c e a .  T r .  N.z. I n s t . V o l . 15 ,  p ^ .2 U 4 - 2 2 l .
Thomson, g. m. (1ü93) N otes on T a s i ta n ia n  C r u s ta c e a  w it i i  d e s c r i p t i o n s  o r  
a  new s p e c i e s .  P. b o c .  T a s m a n i a  11 ,  4 5 - / 8 .
T h o m s o n ,  G.M. (1899 ) a  synonym y  o r  t n e  New Z e a la n a  O r c h e s t i u a e .  T r .  
N.Z. I n s t . V o l .31 ,  p p . l 9 7 - 2 u 7 .
T h o r s t e i n s o n ,  EJl. (1942) New o r  n o te w o r th y  amphipods rrom  N. P a c i f i c  
C o as t .  Univ. W ashington  Pub. Oceanogr. S e a t t l e , V ol.4, pp.5U-94.
T r o u e s s a r t ,  b . (19U2) N o t e  s u r  l e s  ü r o p o a i n a e  [ A r a c h n i a a j  e t  
d e s c r i p t i o n  d ' e s p è c e s  n o u v e l l e s  B u l l .  Soc. Z o o l .  F r . , V o l . 2 7 ,  
p p . 29 -43 .
T r u c h o t ,  J .P . (1973) F i x a t i o n  e t  t r a n s p o r t  de  l ' oxygéné p a r  l e  sang  a e  
C a rc in u s  m aenas: V a r i a t i o n s  en  r a p p o r t  avec d i v e r s e s  c o n d i t i o n s  
d e  t e m p e r a t u r e  e t  a e  s a l i n i t é .  Ne t h .  J .  S ea  R e s . ,  V o l . 7 ,  p p . 4 8 2 -  
495.
T r u c h o t ,  J .P .  (1975) F a c t o r s  c o n t r o l l i n g  t h e  _in v i t r o  an d  £ n  v i v o  
o x y g e n  a f f i n i t y  o f  t h e  h a e m o c y a n in  o f  t h e  c r a b  C a r c i n u s  m a e n a s  
(L .) .  R e s p i r .  P h y s i o l . ,  V o l .2 4 ,  p p . 1 7 3 -1 8 9 .
T r u c h o t  J .P .  (198Ü) L a c t a t e  i n c r e a s e s  t h e  o x y g e n  a f f i n i t y  o f  c r a b  
h a e m o c y a n in .  J .  Exp. Z o o l . ,  V o l . 2 1 4 ,  p p ,2 ü 5 - 2 û 8 .
T r u c h o t ,  J .P . (1983) R e g u la t i o n  o f  A c id -o a s e  b a la n c e .  In :  The b io lo g y  
o f  t h e  C r u s t a c e a  (D .E .b l is i^  Ed.) V olum e 5 ,  I n t e r n a l  a n a to m y  a n a  
ï Z y s î ô l o g i c a l  r e g u l a t i o n  (L.H. M a n te l ,  Ed), Academic P r e s s ,  New 
Y orx . pp . 431- 437 .
184
T u c k e r ,  Vqq (1967) aetnoQ  t o r  oxygen c o n t e n t  ana  d i s s o c i a t i o n  c u r v e s  
o n  m i c r o l i t r e  b l o o a  s a m p l e s .  J .  A p p l .  P n y s i o l . ,  V o l .2 3 ,  p p . 4 l u -  
414 . ------------------- -----------
Ueno, M. (1929) A  new t e r r e s t r i a l  amphipod u r c h e s t i a  kokuooi. Sp. n o v .  
f r o m  A s a m u s h i .  S c i .  Rep T o d o x u  Im p . U n iv .  B i o l . ,  V o l . l ,  p p .7 - 9 .
Ueno, M. (1935) C r u s ta c e a  c o l l e c t e d  i n  t h e  l a k e s  o f  S o u th e rn  S a k h a l in .  
A n n o t .  Z o o l .  J a p . ,  V o l .15 ,  p p .d & -9 4 .
U l i a n i n ,  vV. ( Id b J )  N o te s  on  t h e  f o r m a t i o n  o f  t n e  b l a s t o d e r m  a n a  t n e  
g e r m i n a l  l a y e r s  in  O r c h e s t i a  m on tagu i  ana  O r c h e s t i a  m e a i t e r r a n e a . 
Z o o l .  Anz. , V o l . 3 , pp . l o 3 - l o 5 .
U l i a n i n ,  W. ( Isd l )  zur E n t i c k i u n g s g e s c h ic h l e  a e r  amphipoden. w is s .  
Z o o l . V o l .3 5 ,  ^ p .4 4 U -4 o u .
V a a e r ,  w. ( l y o j )  Tne saria  f l e a  T a l o r c n e s t i a  b r i t o  i n  N e t h e r l a n a s  
(Ampnipoaa -  T a l i t r i a a e ) .  he v e n a e  N a t . , V o l .7 1 ,  p i^ .2 3 4 -2 3 o .
V a a e r ,  W. (1970) T a l o r c h e s t i a  b r i t o  S te b o in g  (C rus tacea :  Amphipoaa): 
n o t e s  on  d i s t r i b u t i o n ,  ta x o n o m y  a n a  b i o l o g y ,  s a r s i a . V o l . 4 2 ,  
P p .o 3 - 9 6 .
V a a e r ,  (1972) T e r r e s t r i a l  Airi^/hipsaa c o l l e c t e d  i n  g ree n n o u se s  in  th e  
N e t n e r l a n a s .  z o o l .  B i j a r . ,  V o i . l 3 ,  p p .3 2 - 3 o .
Van a e r  a e rc k e n ,  J . ,  S. b r o e x n u iz e ,  J .  R in g e lo e ry  ana  ri.n.w. V e l t n i s i s  
(19o7) Non v i s u a l  o r i e n t a t i o n  i n  T a l i t r u s  s a l t a t o r . E x p e r i e n t i a  
V o l . 2 3 ,  p p .4 4 -4 3 .
Van D o l a n ,  k .F . ( l9 7 o )  F a c t o r s  r e g u l a t i n g  t h e  d i s t r i b u t i o n  an d  
p o p u l a t i o n  a y n a m i c s  o f  t n e  a m p h ip o a  G am m arus p a l u s t r i s  i n  a n  
i n t e r t i a a l  s a l t  m arsn  com m unity . E co l .  Monogr., Vol.4b, p p . l 9 l -  
217 .
Van h o i a e ,  r . e . a n a  H. B r e n o w i t z  (1 9 b l )  S u b u n i t  s t r u c t u r e  an d  
p h y s i c a l  p r o p e r t i e s  o f  t n e  n e m o c y a n in  o f  t h e  g i a n t  i s o p o a  
Bathynomus g iy a n te u s .  B io c h e m i s t r y , V ol.20, pp.5232-5239.
Van s e n u s ,  P. (19d5) The e f f e c t s  o f  t e m p e r a t u r e ,  s i z e ,  s e a s o n  a n a  
a c t i v i t y  on t h e  m e t a b o l i c  r a t e  o r  t n e  a m p h ip o a ,  T a l o r c h e s t i a  
c a p e n s i s . ( C r u s t a c e a ,  T a l i t r i a a e ) .  Comp. B iochem . P h y s i o l . 
V o l .b l A ,  pp .263 -269 .
V a r e l a ,  C. (1983) A n f i p o a e s  a e  l a s  p l a y a s  a e  a r e n a  d e l  s u r  a e  C h i l e  
( B a h ia  a e  M a i g u i l l a h u e ,  V a l d i v i a ) ,  s t u a i e s  n e o t r o p .  f a u n a  
E n v i r o n . ,  V o l . I d ,  p p .2 3 - 5 2 .
V e c c n i ,  A. (1929) R ic e rc n e  r a u n i s t i c h e  n e l l e  i s o l e  I t a l i a n e  a e l l 'E g e o ,  
A n r ip o d i .  Arch, zo o l .  I t a l i a n o , V o l . l3 ,  pp.249-257.
V e n a b le s ,  B.J. (19dla) Oxygen c o n su m p tio n  i n  a  t r o p i c a l  oeacn am pnipoa 
T a l o r c n e s t i a  m a r g a r i t a e  s t e p h e n s e n :  E f f e c t s  o f  s i z e  a n d
te m p e r a tu r e .  C ru s ta c e a n a ,  V o l .4 l ,  pp .89-94 .
185
V e n a b le s ,  BQI, (1981b) Enery a l l o c a t i o n  f o r  g ro w th  and m e ta b o l is m  in  
T a l o r c h e s t i a  m a r g a r i t a e  (A m phipoda - T a l i t r i d a e ) .  C r u s t a c e a n a ,  
V0 I . 4I ,  p p .1 8 2 - 1 8 9 .
V e n a b l e s ,  B .J .  ( I s b l c )  A s p e c t s  o f  t h e  p o p u l a t i o n  b i o l o g y  o f  a  
V enezuelan  beach  amphipod T a lo r c h e s t i a  m a r g a r  i t a e  ( T a l i t r i a a e ) ,  
i n c l u d i n g  e s t i m a t e s  o r  b i o m a s s  a n a  d a i l y  p r o d u c t i o n ,  and  
r e s p i r a t i o n  r a t e s .  C r u s ta c e a n a , V0 I . 4I ,  pp.271-285.
V e r w a y ,  J .  ( I 929 ) E i n i g e s  a u s  a e r  b i o l o g i e  von  T a l i t r u s  s a l t a t o r .  
I n s t .  Cong. Zool. b u p a p e s t , V o l . lu ,  p p l l b o - l l b 2 .
V i n c e ,  s . ,  I .  V a l i e l a ,  N. b a c k u s  a n a  J.M. T e a l  (197o) P r e a a t i o n  by t h e  
s a l t  m a r s h  x i l l i f i s h  H e t e r o c l i t u s  f u n a u l u s  (b.) i n  r e l a t i o n  t o  
p r e y  s i z e  a n a  h a b i t a t  s t r u c t u r e ;  c o n s e q u e n c e s  f o r  p r e y  
a i s t r i b u t i o n  a n a  a b u n d a n c e .  J. e x p .  m ar .  B i o l .  E c o l . , V o l . 23 , 
p p .2 5 5 -2 6 b .
V i s s c h e r ,  J .P .  a n a  C.S. h e i m i i c n  ( I p j u )  A t e r r e s t r i a l  amp^nipoa i n  t h e  
U n i t e a  b t a t e s .  S c i e n c e  n .Y. ,  V o l . 72 , p .S o u .
V l a s b l o m ,  A.G. a n a  G. B o l i e r  (1 9 7 1 )  T o l e r a n c e  o f  e m b r y o ' s  o f  
I'lar in o g a m m a ru s  m ar m u s  a n a  O r c h e s t i a  y a m m a r e l l a  t o  l o w e r e d  
s a l i n i t i e s .  N e tn .  J .  S e a  R e s . ,  V o l .5 ,  p p .3 3 4 -3 4 1 .
V o g e l ,  F. (1985a) Das schwiwmen a e r  T a l i t r i a a e  (C ru s ta c ea :  Aitphipoaa) 
F u n x h o n s m o r^ ^ n o lo g ie ,  P h o n o m e n o lo y  l e  una e n e ry e h k .  H e ly o la n a e r  
m e e resu n te rn u c h u n g e n , V o l .39 , p p .3 u 3 - 3 3 9 .
V o g e l ,  F. (1983b) D ie  a b o o m i n a l e  m u s x u l a t u r  von u r c h e s t i a  c a v im a n a  
h e l l e r ,  1865 (Amphipoaa, T a l i t r i a a e ) .  C r u s ta c e a n a , Vol.5(J, p p . l l -  
26.
w a l k e r ,  A.u. (1893) R e v i s i o n  o f  t n e  Ampnipoaa o f  t h e  L.M.B.C. 
d i s t r i c t .  P r o c .  T r a n s .  L. b i o l .  S o c . ,  V o l .9 , p p .2 b 7 - 3 2 0 .
w a l k e r ,  a .O  ( l 9u 8 ) A m - h ip o a a  f r o m  t n e  A u c x l a n a  I s a n a s .  A n n .  Mag. N a t .  
H i s t .  L o n a . ,  ( s e r  8 ) ,  V o l . 2 , p p . 3 3 - 3 9 .
W alsne-M aetz, b.M. (1932) E n v i r o n m e n t  ana R esp iratory  c o n tr o l  i n  
certa in  crustaceans. Nature, L o n a . , V ol.169 , p p .7 5 u - 7 5 1 .
'w a lsh e-M ae tz ,  B.M (1958) C o n t r ô le  r e s p i r a t o i r e  e t  lu e ta b o lism e  chez  l e s  
c r u s t a c é s .  Vie e t  M i l i e u , V ol.7 , pp.523-543.
w e b e r ,  R .E . a n a  L. H a g e r m an ( l 9 8 i )  O x y g e n  a n a  c a r o o n  a i o x i a e  
t r a n s p o r t i n g  q u a l i t i e s  o f  hem ocyanin  in  tn e  nemolympn o f  a  n a t a n t  
a e cap o a  Palaem on a a s p e r s u s .  J .  Comp. P n y s io l . ,  Vol.143, pp.21-27.
W e i l a n ü ,  a .L. and  C.P. Mangum (1973) The i n f l u e n c e  o f  e n v i r o n m e n t a l  
s a l i n i t y  on n e m o c y a n in  f u n c t i o n  i n  t h e  b l u e  c r a b ,  C a l l i n e c t e s  
s a p id U S . J .  e x p .  Z o o l . ,  V o l . 1 9 3 ,  p p .2 6 5 - 2 7 4 .
w h e a t ly ,  M.G. and B.R. McMahon (1981) Tne c o n r l i c t  be tw een  r e s p i r a t o r y  
a n a  o s m o r e g u l a t o r y  f u n c t i o n s  o f  h a e m o c y a n in  i n  a  e u r y n a l i n e  
c r a y f i s h  a u r in g  n y p e r s a l i n e  e x posu re .  Am. Zool.,  Vol.21, p.951.
186
W i e s e r ,  W. (1965)  E l e c t r o p h o r e t i c  s t u d i e s  on b lo o d  p r o t e i n s  in  an 
e c o l o g i c a l  s e r i e s  o f  i s o p o a  and am pnipoa s p e c i e s .  J .  Mar. B i o l .  
A s s .  U.K., V o l .4 5 ,  PP .5Û7-523 .
W iese r ,  W. (19b7) Conquering t e r r a  firm a: the copper problem from the  
Isopoas  p o in t  o f  v iew . H elgoianaer w is s .  M eeresuntersucn, V o l . l5 ,  
p p .282—93.
W iesar, w. (1988) a s p e c t s  o f  n u t r i t i o n  and the m etabolism  o f  copper in  
i s o p o a s .  am. Z o o l . , V o l .8 ,  p p .4 9 5 -5 6 8 .
W iesar , w., c. achw eizer  ana R. H a rten s te in  (1989) P a t te r n s  o f  r e le a s e  
o f  g a s e o u s  ammonia oy t e r r e s t r i a l  i s o p o a s .  O e c o l o g i a ,  V o l . 3 ,  
PP.396-4UU.
W i l d i s n ,  D.J. (1 9 ? ua) L ocom otory  a c t i v i t y  rnytnm s in  some l i t t o r a l  
O r c n e s t i a  (C r u s ta c e a :  am p h ip o a a ) .  J . mar. B i o i .  a s s .  U.rx.,
V o l .5 u ,  r p .2 4 l - 2 5 2 .
W i l a i s n ,  D.J. ( l97U o) aome f a c t o r s  a f f e c t i n g  tn e  d i s t r i o u t i o n  o f  
O r c n e s t i a  (oeacn) in  e s t u a r i e s .  J .  exp . uiar. b i d ,  n c o l . , V o l .5, 
p p .z 7 8 -2 o 4 .
w’l l a i s n ,  D.J. (197UC) P o ly m o r p n ism  in  u r c h e s t i a  m e a i t e r r a n e a . A. 
Costa. C rustaceana , V o l .2 u ,  p p .1 3 - 1 1 8 .
W i l a i s h ,  D.J. (1971) aaa^^tive s i g n i f i c a n c e  o f  a o i a s e d  s e x  r a t i o  in  
O r c h e s t ia . Nature, o o n a . ,  v o l . 2 3 3 ,  p p .5 4 -3 5 .
w i l a i s h ,  D.J. (1972) r-ost eiuoryonic growth ana age in  some l i t t o r a l  
O rc n e st ia  (Amphipoaa: T a l i t r i a a e ) .  C r u s ta c e a n a  B U p p l  3 ,  p p .2 b 7 -  
274.
w i l a i s n ,  D.J. (1979) R e p r o d u c t iv e  c o n s e q u e n c e s  o f  t n e  t e r r e s t r i a l  
h a o i t  in  O r c h e s t i a  ( C r u s ta c e a :  am phipoda) . I n t .  J . I n v e r t ,  
r e p r o d . ,  V o l . l ,  p p .9 - z u .
w i l d i s n ,  D.J ( l9 8 2 a )  T a l i t r o i a e a  (C r u s ta c e a ;  am pnipoaa) ana tn e  
a r if tw o o d  e c o l o g i c a l  n ich e . Can. J. z o o l . ,  Vol.oU, pp .3u7l-3u74.
W i l a i s h ,  D.J ( i 9 o 2 o )  E v o l u t i o n a r y  e c o l o g y  o f  re^^roauction  in  
gammarlaean ampnipoaa. In t .  J. In vert ,  reproa.. V o l .3, pp. 1-19 .
W i l d i s n ,  D.J. and R.J. L in c o ln  (1979) O ccu rren ce  o f  O r c h e s t i a  
p l a t e n s i s  Kroyer 1845 (ampnij^oaa: T a l i t r i a a e )  in  b r i t a i n .
C r u s t a c e a n a , V o l .3 8 ,  pp.i99-z.uu.
W i l a i s h ,  D.J. ana N.J. P o o le  (1976) C e l l u l a s e  a c t i v i t y  in  O r c h e s t i a  
gam m arellus. Comp, biochem. P h y s io l . , V ol.3, pp.713-716.
W il l ia m s ,  J.A. (1978a) Tne annual p a t te r n  of  reproduction  o f  T a l i t r u s  
s a l t a t o r  (C r u s ta c e a :  Amphipoua: T a l i t r i a a e ) .  J .  z o o l .  Long. ,  
V o l.184, p p .2 3 1 -2 4 4 .
V w il l ia m s ,  J .A .( l9 7 o o )  A s e m i - l u n a r  rhytniii or lo c o m o to r  a c t i v i t y  ana  
m oult synchrony in  the  sana-beach  amphipod T a l i t r u s  s a l t a t o r  p 
467-414 , in  C y c l ic  phenon.ena in  marine p la n t s  and a n im a ls .  Proc. 
1 3 tn  mar, b i o l .  Symp. Ed by E. N a y lo r  & R.G. b a r t n o l l .
187
W i l l i a m s ,  J .A . (19bUa) The e i t e c t  o f  q u s k  a n a  daw n on  t h e  l o c o m o t o r  
a c t i v i t y  r h y th m  o f  T a l i t r u s  s a l t a t o r . J .  e x p .  m a r .  B i o l .  e c o I . , 
V o l .42 , p p .2 0 5 - 2 9 7 .
w i l l i a m s , J . A .  ( l9 o U O j T h e  l i g h t  r e s p o n s e  r h y th m  a n a  s e a s o n a l  
e n t r a i n m e n t  o f  t n e  e n d o g e n o u s  c i r c a a i a n  l o c o m o t o r  rn y th m  o f  
T a l i t r u s  s a l t a t o r  ( C r u s t a c e a :  A i i ip h ip o a a ) . J ^  M ar. B i o l ,  a s s .  
U.K., V ol.bU , p p . 7 7 3 - 7 8 6 .
W i l l i a m s ,  J . a .  ( l9oU c)  E n v i r o n m e n t a l  i n f l u e n c e  on  t n e  l o c o m o t o r  
a c t i v i t y  r n y tn m  o f  T a l i t r u s  s a l t a t o r  ( C r u s t a c e a :  A m p h ip o d a) .  
M ar. b i o l . ( B e r l i n ) ,  v o l . 5 7 ,  P rV 7 - lb .
w i l l i a m s ,  J.A. (1981) The r e s p i r a t o r y  rnythm  a n a  r e s p i r a t o r y  q u o t i e n t  
o f  T a l i t r u s  s a l t a t o r .  Comp. Biochem. P h y s io l . ,  V o l .7UA, pp.b39- 
642.
W i l l i a m s ,  J . a .  (19o2a) A C i r c a d i a n  rhy thm  o f  oxygen co n su m p tio n  i n  th e  
Sana Oeacn am pnipoa T a l i t r u s  s a l t a t o r .  J .  exp. mar. B io l .  E c o l . , 
V o l . 5 7 ( 2 / 3 ) ,  p p .125-134.
W i l l i a m s ,  J . a . ( I9 o 2 o )  E n v i r o n i a e n t d l  i n f l u e n c e  on t n e  l o c o m o to r  
a c t i v i t y  r n y th m  o f  t h e  s a n o  s h o r e  a m p h ip o a  T a l o r c n e s t i a  
a e s n a y e s i i .  mar, b i o l .  ( o e r l i n ) , V ol.u9 , pp .963-972.
W i l l i a m s ,  J.A. ( l9 o 3 a )  Tne e n d o g e n o u s  lo c o m o t o r  a c t i v i t y  rnytnm o f  
to u r  s u p r a l i t t o r a l  P e r a c a r i o  C r u s t a c e a n s .  Mar. u i o i .  a s s .  
U.K., V o i .b 3 ,  p p .4 o l - 4 9 2 .
W il l ia m s ,  J.A. (l9o3o) Environmental r e g u la t io n  o f  tne ourrow oepth of  
th e  s a n a - o e a c h  a m p n i p o a  T a l i t r u s  s a l t a t o r . E s t .  C o a s t  b n e l f  
b C l. ,  V o l . l b ,  ^1^.291-299.
w i l l ia iu s o n ,  D.I. (l94b) Occurrence^ o f  T a lo r c n e s t ia  o r i t o  on tiie c o a s t  
Of Nortnuiuoerland. N a tu r e ,L o n g . , V o l . i o f ,  p . 295.
W i l l i a m s o n ,  D .I .  ( l9 4 9 a )  On t n e  m a t i n g  a n a  o r e e a i n g  o f  som e s e m i -  
t e r r e s t r l a l  a m p n ip o a s .  x e p .  Bov. Mar. L ao , ( s e r  3 ) ,  V o l . l z ,  
p p .4 9 - b 3 .
Williamson, D .I .  ( I 9490 ) On t h e  d i s t i n c t i v e  c n a r a c t e r s  o f  O r c h e s t i a
m e a i t e r r a n e a  ana  O r c n e s t i a  g a m m a re l lu s .  Rep, oov. mar, nan, ( se r
5 ) ,  V0 I . I 2 , ^ p .b 3 - o 5 .
W i l l i a m s o n ,  D .I .  ( 1 9 3 la )  S t u a i e s  i n  t n e  o i o l o g y  o f  T a l i t r i a a e
(C ru s ta c ea :  am pnipoda):  E f f e c t s  o f  a tm o s p h e r ic  h u m ia i ty .  J ^  Mar.
B i o l .  A s s .  U.K. ,  V o l .3 0 ,  p p .7 3 -9 U .
W i l l i a m s o n ,  D .I .  (19510) S t u d i e s  i n  t n e  b i o l o g y  o f  T a l i t r i a a e
(C ru s ta c ea :  Ampnipoaa). V i s u a l  o r i e n t a t i o n  i n  T a l i t r u s  s a l t a t o r .
J .  M ar. B i o l .  A s s .  U.K., V o l .3U , p p .9 1 - 9 9 .
W i l l i a m s o n ,  D .I .  (1953) M a t in g  b e h a v i o r  i n  t h e  T a l i t r i d a e .  B r i t .  J .  
Anim . b e h a v . ,  V o l . l ,  p .o 3 .
W i l l i a m s o n ,  D .I .  (1934) L a n o w a ro s  a n a  s e a w a r a s  m o v em e n t  o f  t h e  s a n a  
hopper T a l i t r u s  s a l t a t o r .  Advanc. S c i .  Lona., V o l . l l ,  pp .71-73.
lo 8
w ii io u g h b y ,  L.Ü. ana  k .  Earnsnaw (19ü2) Gut p a s s a g e  t im e s  i n  Gammarus 
p u ie x  (C ru s ta c e a ,  Amphipoaa) ana a s p e c t s  o t  summer t e e a in g  in  a  
s to n y  s t r e a m .  n y a ro D io lo g ia , V ol.97, p p iu 5 -1 1 7 .
Y oung , R.E. (1972) The p h y s i o l o g i c a l  e c o l o g y  o f  h a e m o c y a n in  i n  some 
s e l e c t e a  c r a o s .  I I .  The c n a r a c t e r i s t i c s  o f  h a e m o c y a n in  i n  
r e l a t i o n  t o  t e r  r e s  t r i a l n e s s .  J .  e x p .  m ar .  B i o l .  E c o i . ,  V o l . l u ,  
p p . l9 j - 2 U b .
Z a n a e r s ,  I.D. (19bU) R e g u l a t i o n  o f  b l o o a  i o n s  i n  C a r c i n u s  la a e n a s  (L).
Comp. Biocnem. P h y s i o l . ,  V ol.65a , p p .9 7 - lu b .
Z u c k e rk a n a l ,  £, (1957) La t e n e u r  en  c u i v r e  ae  l ' hémolymphe de  Mala sg u in a a o  
a ux  d i v e r s  s t a a e s  a* i n t e r m u e .  C. r .  S e a n c .  Boc. b i o l . ,  15 1 ,  4 ûü- 4 6 3 .
189
